
'.^-''m.



an.

(l^attteU Itnittersttg Siibrarg

3tl|aca, New fatk

BOUGHT WITH THE INCOME OF THE

SAGE ENDOWMENT FUND
THE GIFT OF

HENRY W. SAGE
1891



Cornell University Librarv
QE 264.P35E2 1910

The geology of the neighbourhood of Edin

3 1924 003 984 113 ..„



VI

CHAPTEE V.

IJppEE Old Red Sandstone .

Liberton to Craigmillar and Salisbury Craigs

Blackford Hill to Craiglockhart Station .

PAGE

42

43

44

CHAPTER VI.

The Carbonifeeous System
History of Investigation

47

47

CHAPTER VII.

Calcifeeous Sandstone Seeies of the Edinbuegh, Geanton and
COLINTON DiSTEICT .

Cementstone Group
Volcanic Rocks of Arthur's Seat

„ ,, of Calton Hill

„ „ of Craiglockhart .

The Oil-Shale Group

54
54
57

73

74

75

CHAPTER VIII.

Calcifeeous Sandstone Series of the Queenspbrry, Broxburn
AND West Calder District ....

Cementstone Group .....
The Oil-Shale Group .....

Area South of Mid-Calder between the Murieston and
Calder Faults .....

River Almond Section from Clifton Hall to Almondell
Pumpherston Shale-field ....
West Calder Shale-field ....
Shore Section between Whitehouse Point and Midhope

i Burn ......
Drumcrosshall to Wester Ochiltree .

Wester Ochiltree and Kingscavil District

Blackness and Kingsfield Area

80

82

86
87
89

91

95
101

101

102

CHAPTER IX.

Carboniferous Limestone Series of the Cobbinshaw, BatH'
gate, Bo'ness and Chaelestown District
Lower Limestone Group .

Cobbinshaw and Addiewell Area
Bathgate Area
Tartraven to HiUhouse
HiUhouse to Linhthgow
Linhthgow to Carriden

Charlestown and Limekilns (Fife)

104
105
105
107

111

112
113

116



Bo'ness aud Bathgate Coal Group
Woodmuir and "Foulshiels Area South of Breich Water
Bathgate Area
The Knock to Cocklerue (Sheet 31) .

Cocklerue to Linlithgow (Sheet 31) .

Linhthgow to Bo'ness (Sheet 31 in part)

Upper Limestone Group .

Woodmuir and Foulshiels Area (Sheet 31)

The Bathgate Area (Sheet 31)

Hilderston to Cocklerue (Sheet 31)

Cocklerue to Linhthgow (Sheet 31) .

Linhthgow to Bo'ness (Sheet 31)

Carboniferous Volcanic Rocks of the Bathgate, Linhthgow and
Bo'ness District....

Bathgate to Cocklerue (Sheet 31 in part)

Coclderue and Broomyknowes to Linhthgow (Sheet 31 in

part) ......
Linhthgow to Bo'ness ....

Volcanic Necks West of Edinburgh and the Pentland Hills

CHAPTER X.

Calcifeeous Sandstone Series op the Mid-Lothian BASI^^

Oil-Shale Group .....
Portobello, Niddrie and Gilmerton Area
Area between Straiten and Glencorse Burn .

Penicuik, Carlops and Rutherford Area
Borthwick, Middleton and Tyne Water

CHAPTER XI.

Carboniferous Limestone Series of the Mid-Lothian Basin
Lower Limestone Group .

Joppa, Niddrie and Gilmerton Area .

Loanhead, Bilston Burn and Mauricewood Area
Area between Penicuik and Carlops .

Middleton, Esperston, Temple and Mount Lothian Area
Tyne Water and Gore Water Area
The Roman Camp, Eordel and Cousland Area
Area North of Crossgatehall .

The Edge Coal Group
Niddrie, Portobello and Gilmerton Fields

Loanhead and Mauricewood Fields .

Penicuik Field

Temple Field.

The Gorebridge, Newtongrange and Cowden Fields

Coal-field East of Gorebridge and of the Roman Camp
Ridge ...

Carberry and Prestongrange Field

The Upper Limestone Group
Portobello, Niddrie and Gilmerton Area
Loanhead, Bilston Burn and Mauricewood Area
Penicuik Area ....
Arniston Mains, Gorebridge and Smeaton Area

PAttB

117

118

121

127

127

128

136

136

137

139

139

141

144

145

149

150

156

159

161

161

163

171

174

176

176

177

ISO

184
186

190

191

194

194

195

200
212

216
217

225

227

231

232

235

237

239





Cornell University

Library

The original of tiiis book is in

tine Cornell University Library.

There are no known copyright restrictions in

the United States on the use of the text.

http://www.archive.org/details/cu31924003984113





MEMOIRS OF THE GEOLOGICAL SURVEY,
SCOTLAI^D.

THE &EOLOGY
OF THE

NEIGHBOURHOOD OF EDINBURGH.
(SHEET 32, WITH PART OP 31.)

SECOND EDITION.

By

B. N. EBACe, LL.D., F.R.S. ; C. T. CLOUGH, M.A.

;

L. W. HINXMAN, B.A. ; the Late J. S. GRANT WILSON;
C. B. CRAMPTON, M.B., CM. ; H. B. MAUFE, B.A.

;

AND E. B. BAILEY, B.A. ;

WITH CONTRIBUTIONS BY

J. HORNB, LL.D., F.R.S. ; W. GIBSON, D.Sc.

;

E. M. ANDERSON, M.A, B.Sc. ; and G. W. GRABHAM, M.A.

AND

PETKOLOGICAL CHAPTERS
BY

J. S. FLETT, M.A., D.Sc.

PUBLISHBD BY ORDER OF THE LORDS COMMISSIONERS OP HIS MAJESTY'S TREASURY.

EDINBURGH

:

PRINTED FOR HIS MAJESTY'S STATIONERY OFFICE
By MORRISON & GIBB LIMITED

At Taneield.

And to be purchased from
E. STANFORD, 12, 13, and 14 Long Acre, London;

W. & A. K. JOHNSTON LIMITED, 2 St. Andrew Square, Edinbtogh;
HODGES, FIGGIS, & Co., Geaeton Street, Dublin.

From any Agent for the sale of Ordnance Survey Maps ; or through any Bookseller

;

from T. FISHER UNWIN, 1 Adblphi Terrace, London, W.C, who is the
sole Wholesale Agent to the Trade outside the County^^of London.

1910.

Price Seven Shillmg,s and Sixpence.



A^n •V S>U



PREFACE.

The present volume forms the second edition of the Memoir on
"The Geology of the Neighbourhood of Edinburgh," which was
written by H. H. Howell and (Sir) A. Geikie, and published in

1861, when Sir E. I. Murchison was Director General and (Sir)

A. C. Eamsay, Local Director. That Memoir described the geology

of the districts included in the one-inch map 32—the first published

sheet of the Geological Survey in Scotland—together with a strip

of ground, about two miles broad, along the eastern margin of

Sheet 31. The present edition deals with the same districts, except

a small part of the county of Fife to the east of Inverkeithing,

which was described by Sir A. Geikie in the Memoir on " The Geology
of Central and Western Fife and Kinross " (1900).

The development of the oil-shale fields in the Lothians, after the

ground had been originally mapped by the Geological Survey, neces-

sitated the revision of the shale-bearing areas, which was carried out by
Mr. H. M. Cadell hetween 1884 and 1887. This additional informa-

tion was embodied in a second edition of Sheet 32, published in 1892.

The results of the revision of the Carboniferous districts, which
was begun in 1902 and continued at intervals till 1906, by Messrs.

Peach, Clough, Hinxman, Grant Wilson, Gibson, Crampton, Maufe,
Bailey, Anderson, and Grabham, are incorporated in this volume.
These officers have furnished descriptions of their respective areas.

Dr. Peach re-examined a tract embracing the city of Edinburgh
and Leith, southwards to Liberton and Colinton, thence along the

north-west slope of the Pentland chain to the Cairn Hills. Mr.
Clough revised the Coal Measures of the Mid-Lothian basin south of

Smeaton and Sheriffhall, together with an area between Crossgatehall

and Gorebridge, composed partly of Millstone Grit and partly of the

Carboniferous Limestone Series. The eastern part of this basin, from
Prestongrange to Crossgatehall was re-examined by Mr. Anderson,
and from Cousland to Temple by Dr. Crampton ; the southern part

from Borthwick by Mount Lothian to Carlops and Penicuik, by Mr.
Hinxman ; the western portion from Penicuik to Gilmerton, by the

late Mr. Grant Wilson ; and the north-western area from Gilmerton
to Portobello and Musselburgh, by Messrs. Gibson and Bailey.

West of Edinburgh and the Pentland Hills, the Carboniferous
districts were thus apportioned: to Dr. Crampton was assigned a
triangular area stretching from Newhaven and Cramond in the
north to the village of Currie in the south ; to Mr. Grant Wilson,
the fertile tract comprising the oil-shale fields extending westwards
to Blackness, Dechmont, and Leven; to Mr. Bailey, the ground
surrounding Blackburn and Bathgate; to Mr. Maufe, the central

portion of the volcanic area of the Bathgate Hills'; to Mr. Grabham
the part between Carribber and Linlithgow ; and to Mr. Clough the
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region between Linlithgow and the Porth. North of the Firth of

Forth, Mr. Maufe revised that part of the county of Fife lying

between Crombie Point and Inverkeithing.

In 1906 an economic Memoir dealing exclusively with the Oil-

shales of the Lothians was published by the Geological Survey, in

which the geology of the various shale-fields was described in detail.

Only a few typical sections illustrating the structure of the shale

region are here reproduced from that Memoir.
The descriptions of the Carboniferous districts have been almost

wholly rewritten owing to the acquisition of fuller information, but

in some cases the accounts by H. H. Howell and Sir A. Geikie have

been retained.

The Lower Old Eed Sandstone volcanic rocks of the Braid Hills

were revised by Dr. Peach, and of the Pentland Hills by Mr.

Cunningham Craig when attached to the staff of the Geological

Survey, and afterwards in part by Dr. Peach, but the account of the

stratigraphy of that formation has been furnished by Dr. Peach.

The description of the isolated areas of Silurian rocks in Sheet 32

by Dr. Peach and Dr. Home has been reproduced from the Memoir
on " The Silurian Eoeks of Scotland," published in 1899.

Ho systematic re-examination of the glacial deposits was carried

out during the revision of the Carboniferous districts, but a brief outHne

is given of the history of that period based partly on the work of the

Geological Survey and partly on the researches of other observers.

Dr. Flett has contributed the chapters on the Petrography of the

Volcanic Eocks of the Pentland Hills and of the Carboniferous

Volcanic Eocks of the Edinburgh and Linlithgow district. The rock

analyses have been made by Dr. Pollard and Mr. Eadley.

The lists of fossils in the palseontological part of the Appendix
have been compiled by Mr. D. Tait. These hsts are based on

determinations made by E. Etheridge, junr.. Dr. Peach, Dr. Crampton,

and Dr. Lee, with the assistance of Messrs. H. B. Brady, T. Eupert

Jones, J. W. Kirkby, Dr. Traquair, Dr. Kidston, Dr. Wheelton Hind,

and Dr. Foord. Dr. Lee has furnished notes on the Distribution of

Life in the Lower Carboniferous Eocks of Sheet 32.

The bibliographical part of the Appendix, containing a list of

works referring to the geology of the districts included in this

memoir, was prepared by Mr. D. Tait.

Special thanks are due to those associated with the mining

industry of Mid and West Lothian for information supplied when
the revision was in progress, and to Mr. Eeid of Messrs. Leslie and
Eeid, C.E., for notes regarding the water supply of Edinburgh and
the surrounding district.

The photographs reproduced in Plates I. to IV., VI. and VIII., were

taken by Mr. E. Lunn, and the micro-photographs in Plates IX. to

XII. by Mr. T. C. Hall. The photograph of the east and west dyke in

Inchcolm (Plate V.) has been kindly supplied by Mr. A. G. Stenhouse.

The Memoir has been edited by Dr. Home.

J. J. H. TEALL,
Director.

Geological Suetey Office,

28 Jekmtn Steebt, I^ondon.

nth November 1910.
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GEOLOGY OF THE NEIGHBOURHOOD

OF EDINBURGH.

CHAPTER I.

INTEODUCTION.

Akea, Physical Features, and Geneeal Distribution of
the eocks.

The district described in this memoir includes the area within the
limits of Sheet 32 of the one-inch map of Scotland, and, for the sake
of completeness, a narrow strip about two miles in width along the

eastern margin of the adjoining map 31. It thus comprises the
greater parts of the counties of Edinburgh and Linlithgow, with
portions of Haddington, Peebles, Lanark and Fife. Most of the

district described lies to the south of the Firth of Forth and contains

the valuable coal-field of Mid-Lothian and almost the whole of the oil-

shale fields of the Lothians. Hence it embraces one of those rich

mineral tracts in the Midland Valley of Scotland which have
contributed so much to the development of the country.

The physical features of the district present that union of level

cultivated plains with undulating and hilly ground, varied by the
frequent occurrence of abrupt solitary crags, which forms the
characteristic scenery of central Scotland. It is divided into two
well-marked portions by the chain of the Pentland Hills, which
traverses its centre from south-west to north-east and rises to a
height of 1898 ft. above the sea. The eastern area consists of a
broad plain, which, from the foot of the hills, stretches eastwards into

Haddingtonshire and southward until it abuts against the slopes of

the Moorfoots. With the exception of the minor undulations
incident to a drift-covered district, the continuity of this plain is

unbroken except by the long ridge * of the Koman Camp Hill east of

Dalkeith, which, beginning near the sea at Prestonpans and running
south-west parallel to the Pentlands, divides the plain into two, the
western portion being known as the Mid-Lothian Coal-Field, while
that to the east includes the coal-basin of East Lothian situated in

Sheet 33. The margin of the Firth of Forth truncates both coal-

* The south-west part of this ridge is generally termed the Eoman Camp Hill,
but this name does not appear in the new edition of Sheet 32. The site of the sup-
posed Roman Camp is indicated by the word Fort in this edition.
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fields, the coal seams passing under the sea and reappearing on the

opposite shores of Fife.

The great central ridge of the district may be regarded as com-

mencing at the Braid Hills, whence it stretches south-west through

the Pentland Hills till it merges into the uplands of Peebles and
Lanark. The district to the west of this chain of hills comprises

nearly two-thirds of Sheet 32, and presents a physical contour con-

siderably different from that on the east side. With the exception

of the broad plain which extends for seven mUes to the west of

Edinburgh, this western division contains few level spaces of any
extent. Throughout the greater part the surface undulates in ridges,

of which the general direction may be taken as east and west, but

their continuity seldom remains persistent, more frequently they

coalesce or branch out into a new series, the determining cause

being in many cases some prominent crag or hill of igneous

material.

A conspicuous feature along the western margin of the district

(Sheet 31) is the ridge of hilly ground running in a north and south

direction from Bathgate towards Linlithgow, which, as will presently

be shown, is due to the geological structure of the region.

The part of the county of Fife included in Sheet 32 displays

physical features characteristic of a Carboniferous district with

intrusive igneous rocks, partly covered with superficial deposits.

Before describing the geology of the area in detail, it will be well

to give a brief outline of the general distribution of the rocks, the

more especially as such an outline will illustrate how closely con-

nected are the geology and the physical geography of a country.

The Pentland Hills, forming' the backbone of the region, consist

fundamentally of highly inclined Upper Silurian shales and grits,

covered unconformably by coarse conglomerates and sandstones, and
volcanic rocks belonging to the Lower Old Eed Sandstone formation.

At the north-east end of the chain, and in various places along its

north-west side, sandstones and cornstones belonging to the Upper
Old Eed Sandstone rest unconformably on the older rocks and pass

upwards into the basal beds of the Carboniferous system.

The rocks entering into the structure of the Pentland Hills form
an anticlinal axis over which the Carboniferous rocks are folded,

though, owing to large parallel faults, the regularity of this anticline

has been materially disturbed.

Along their south-east margin the Pentland Hills are bounded by
a great fault, and the broad plain farther south-east consists entirely

of Carboniferous rocks. They form a synclinal trough, the west side

of which flanks the Pentland Hills, while the eastern swells up into

the Eoman Camp ridge. That ridge is an anticlinal axis formed by
the lowest group of the Carboniferous Limestone series, which, rising

from beneath theMid-Lothian Coal-field,sinks eastwards belowthe coal-
basin of East Lothian, the latter being included chiefly in Sheet 33.

The district between the north end of the Braid Hills and the
sea consists of Upper Old Eed Sandstone and Calciferous Sandstone
strata, the latter associated with numerous interbedded and intrusive

igneous rocks, which give rise to prominent features in Arthur's Seat,

Calton Hill and the Castle Eock.

West of the Pentland Hills the Calciferous Sandstone strata, com-
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prising the productive oil-shale measures, extend in a great series of

anticlines and synclines varied everywhere by detached masses of

igneous rock, chiefly of an intrusive character. In spite of frequent

repetitions the general dip is westerly, and near the western margin
of one-inch Sheet 32 the Carboniferous Limestone series again

appears with a middle coal-bearing group, which composes the

important Bo'ness and Bathgate coal-fields. In this western area all

three subdivisions of the Carboniferous Limestone series are associated

with sheets of interbedded and intrusive dolerite and volcanic ash

which are absent from this series farther east in the Mid-Lothian
coal-basin. The more prominent hills over this western area consist

almost uniformly of igneous rock, and the narrow valleys which
divide them frequently owe their origin to the denudation of inter-

calated shales and sandstones, or to lines of fault along which the

denuding agents have acted.*

FOKMATIONS AND EOCK GROUPS.

The geological formations occurring within the area are repre-

sented ia stratigraphical order in the following table with the

symbols used in the map :

—

Blown Sand .

.

Peat in hollows occupying the sites of old lakes and on
Pleisto- hill slopes . . . .

cene and ^ Biver Terraces and fresh-water alluvia .

.

Becent. Eaised Beaches and marine alluvia

Glacial or Fluvio-glacial sands, gravels and brick clays .

.

Moulder Clay .

.

{Middle Coal Measures ? Bed Sandstone Group . . . . d ^

Lower Coal Measures . . . . . . . . . . d^

Upper Boslin Sandstone Series or Millstone Grit . . "|
^-n

["Lower Boslin Sandstone Series or Millstone Grit

Lower. -! Carboniferous Limestone Series

I Calciferous Sandstone Series

Upper.
Lower.

Upper.

Lower.

Bed sandstones and cornstones

Bed sandstones and conglomerates .

JDowntonian .

.

(^Wenlock and Ludlow
Llandeilo-Caradoc .

.

d2
di

b'

b«

IGNEOUS EOCKS.

A. Contemporaneous with the formations among which they lie.

In Carboni- ("Lava flows of Basalt or Dolerite of the Qallaston and
ferous Lime-
stone Series.

Dalmeny types
Basaltic Tuflf.

.

!Lava flows of Basalt of Gallaston and Dalmeny types

„ „ „ Craiglockhart type

„ „ „ Dunsapie type

„ „ Mugearite
Basaltic Tuff

vBd2
BZd2

vBdi
xBdi
yBdi
oWdi
BZdi

* The foregoing description with some alterations has been taken from the first

chapter of the " Geology of the Neighbourhood of Edinburgh," Mern. Qeol, 8w., 1861,

written by Sir A. Geikie.
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Ludlow and Downtonian rocks must together have been folded and
extensively denuded before the outburst of volcanic activity in

Lower Old Eed Sandstone time.

The rocks belonging to the lower division of the Old Eed Sand-

stone, as already indicated, are prominently developed in the Pentland
Hills. The basal members consist of conglomerates and sandstones

which rest on the various zones of the Upper Silurian formation from
the Downtonian group to the Wenlock shales and grits. But the

characteristic feature is the great succession of volcanic rocks, ranging

from basalts and basic andesites through acid andesites and trachytes

to rhyolites, which have become familiar to geologists through the

descriptions of Charles Maclaren and Sir A. Geikie. The acid

ejections, however, do not form the highest members of the sequence

but are intercalated with basalts and basic andesites. Of special

interest is the result of the petrographical examination of the decom-
posed claystones of the Braid Hills by Dr. Flett, who regards them
as trachytes (Chap. IV.). The lavas and tuffs are accompanied by
intrusive igneous materials, comprising diorite, microgranite and
felsite, while in the northern part of the chain remnants of small

volcanic orifices are to be found.

Towards the close of Lower Old Eed Sandstone time crustal

movements again supervened, whereby the volcanic rocks were folded

along an axial line trending north-east and south-west, and were
subjected to prolonged denudation. It is highly probable that some
of the faults now traversing these rocks may have been developed

during these movements. During this interval of time, represented

elsewhere by the Middle Old Eed Sandstone, the volcanic series was
locally removed and the underlying Silurian rocks were laid bare.

Hence we find the basal beds of the Upper Old Eed Sandstone
overstepping each member of the lower division together with its

igneous intrusions until they rest on the Upper Silurian strata.

The type of sedimentation characteristic of the Upper Old Eed
Sandstone in other parts of Scotland is to be found in the neigh-

bourhood of Edinburgh and on the flanks of the Pentland Hills,

where the strata consist of reddish grey grits, sandstones, marls and
cornstones. The discovery of fish remains, determined by Dr. Traquair

to be fragments of Holoptychius nobilissimus, in the sandstones of

Craigmillar and beneath Salisbury Craigs, furnished conclusive

evidence of the age of these sandstones, which in the previous

editions of Sheet 32 were grouped with the Carboniferous formation.

This discovery is a striking confirmation of the conclusions of

Mr. J. G. Goodchild,* who previously suggested this correlation on the

ground of the lithological characters of the strata, and especially of

the cornstone associated with the sandstone of Salisbury Craigs.

The Upper Old Eed Sandstone passes conformably upwards into

the Carboniferous formation, though there is a marked palaeontological

break between the two as proved by the researches of Dr. Traquair.f

The Calciferous Sandstone series comprises two subdivisions, the
lower one being termed the Cementstone group. As developed in

the Edinburgh district it consists of grey, green and red mudstones,

* Trans. Edin. Oeol. Soc, 1898, vol. viii. pp. 2-9.

t
" List of the Fossil Dipnoi and Ganoids of Fife and the Lothians," Proe. Soy,

Soe.Min., 1890, vol. xvii. p. 385.
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and shales with cementstone bands, occasional sandstones, and rarely

some thin seams of dark carbonaceous shale yielding plants, ostracods,

and Palaeoniscid fish scales of undoubted Carboniferous type. This

phase of sedimentation is characteristic of the Ballagan group of the

west of Scotland. A marked feature of this period is the outbreak

of volcanic activity in the Edinburgh district, the relics of which are

typically developed in Arthur's Seat and the Calton Hill, where
there is a succession of lavas ranging from olivine basalts to mugear-
ites. The re-examination of Arthur's Seat by the Geological Survey
confirmed the later view of Charles Maclaren and the conclusions

of Professor Judd regarding its structure, namely, that the lavas and
ashes, together with the central agglomerates and their associated

igneous rocks, belong to one period of volcanic activity. Two separate

vents have been recognised on the crest of Arthur's Seat, the larger

one showing a slight displacement of the focus of eruption during

the history of the volcano.

The volcanic horizon of Arthur's Seat and the Calton Hill has

been detected on Corston Hill, north-west of the Pentland Hills, where
the lavas may have been ejected from an independent centre.

The upper division of the Calciferous Sandstone series comprises

a succession of strata of great economic importance, and is known as

the Oil-shale group. It contains, in its higher part, beds of coal,

usually of inferior quality, and farther down, several valuable seams
of oil-shale, interstratified with beds of sandstone, shale, fireclay, marl
and estuarine limestones, and underlain by the Wardie Shales and
Grranton Sandstones. In the last two subdivisions, thin seams of oil-

shale have been detected, which yield a small quantity of crude oil

and sulphate of ammonia.
The Carboniferous Limestone series is roughly divisible into the

three following groups :

—

3. Upper Limestone group, including three or four thin marine limestones.
2. Edge Coal group or Bo'ness and Bathgate Coal group.

1. Lower Limestone group, including various marine limestones, some of which
attain a considerable thickness.

These three subdivisions are represented by the same colour

on the published map. The basal bed of the Upper Limestone
group is the Index or No. 4 Limestone, and the top of the Lower
Limestone group is marked by the first band of limestone beneath the
series of Edge Coals.

Group 2 is of great economic importance, and yields a more
valuable series of coals than the Coal Measures proper, so far as

this part of Scotland is concerned. It is often termed the Lower
Coal Measures by those connected with the Mining Industry.

The limits of the Eoslin Sandstone series or Millstone Grit nearly
coincide with those laid down during the original survey of the
district, but, as the base line is now everywhere drawn at the top of

the Castlecary (No. 6) Limestone, additional strata are occasionally

included. In accordance with the determinations of the plant and
fish remains by Dr. Kidston and Dr. Traquair respectively * this group
falls palseontologically in two divisions, one being classed with the

* " Summary of Progress,'" Mem. CM. 8ur. for 1903, p. 118.
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Upper and the other with the Lower Carboniferous rocks.

Although the Millstone Grit is shown by one colour in Sheet 32,

a boundary between these two subdivisions has been drawn where
the evidence is regarded as conclusive.

Next in order come the Lower Coal Measures, with numerous
valuable seams of coal, succeeded by red sandstones and marls, which,

with some hesitation, have been classed with the Middle Coal

Measures. The latter have a striking resemblance to the Upper
Barren Measures of Lanarkshire and Fife. The Fifeshire beds have
been classed by Dr. Kidston with the Middle Coal Measures of

England,* but no sufficient evidence has yet been obtained to prove

the age of this subdivision in Mid-Lothian, the few fish and plant

remains which have been found being common to the Middle and
Lower Coal Measures.

One of the striking features of the Carboniferous area described

in this memoir is the great development of intrusive igneous rocks,

which are now grouped in two divisions according to their age

and are expressed by different tints in the new edition of Sheet 32.

The older set, consisting of teschenite and olivine dolerite intrusions

allied petrologically to the Carboniferous lavas, have been referred

to the same general period as the extrusion of the lavas.t No
contemporaneous volcanic rocks are known to occur in this area

above the Carboniferous Limestone series, and these intrusions are

in all probability older than the Millstone Grit. The later set,

. composed of quartz dolerites, which occur in the form of sills and
east and west dykes, are allied in petrological character to the

Whin Sill of the North of England.| They have been proved to

be subsequent to the Lower Coal Measures (d^) and are probably
of late Carboniferous or Permo-Carboniferous age.

After the close of the Carboniferous period crustal movements
again ensued, whereby the Carboniferous strata and the associated

igneous rocks were thrown into a series of anticlines and synclines,

the axes of which trend generally in a north-east and south-west

direction. It is worthy of note that the chain of the Pentland
Hills roughly coincides with one of these anticlinal folds whose
eastern limb is intersected by the great Pentland fault. This

dislocation may be said to form the septum between the arch of

the Pentland Hills and the Mid-Lothian coal-basin to the east.

It is highly probable that it follows the line of one of the strike

faults established in the Lower Old Eed Sandstone rocks during
their first plication, but the movement during post-Carboniferous

time was evidently extremely powerful. The high inclination of

the Carboniferous strata along the west side of the Mid-Lothian
basin extends eastwards for over a mile from the Pentland fault.

The structure is further complicated by the occurrence of minor
troughs in some of which the western limb is inverted, as for example
at the western edge of the Gilmerton basin, in the Nine Mile Burn

* "The Geology of Central and Western Fife and Kinross,'' Mem. Oeol. Swr.,

p. 146 ; and R. Kidston, " On the Various Divisions of British Carboniferous Rocks,
as determined by their Fossil Flora," Proc. Roy. Phys. Soc. Edvn,., 1893, vol. xii.

p. 203.

t Sir A. Geikie, Presidential Address, Quart. Jowr. Oeol. Soc., 1892, vol. xlviii.

p. 141.

X Di;. Teall, " British Petrography," p. 187.
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and in the Amazondean Burn, a tributary of the Esk (p. 184).

The area affected by these complex structures is too extensive to

be due to subsidence along a normal fault. They seem to indicate

that the Pentland fault is a reversed one produced by an overthrust

from the north-west.

The Oil-shale group, covering a belt several miles in width in

the western part of Sheet 32, has been thrown into a succession

of abrupt domes and basins whose longer axes trend in a N.N.E.
and S.S.W. direction. The steeper sides of these synclines form the

western limbs, thus indicating that, as in Mid-Lothian, the thrust

was from the north-west.

Between the folding and denudation of the Carboniferous strata

and the Glacial period there is a long cycle of time unrepresented

so far as this region is concerned. It is evident, however, that the

main topographical features had been determined before the advent

of the ice-age. The drainage system of the Pentland Hills and
the transverse passes across the chain throw some light on the earlier

stages in the evolution of the topography of the district. It is

observable that most of the streams rise near the north-west side

of the chain and flow southwards or eastwards. Some, indeed,

rise on the less elevated ground north-west of the hills and croSs

the range in comparatively matured valleys. Only a few flow to

the north and west. This distribution seems to indicate the

existence of an older drainage system, when the streams crossed the

tableland from the north-west before the development of the midland
plain. The transverse passes may thus have been produced by
streams of greater volume than those now draining them, which
have been beheaded in the course of the evolution of the Midland
Valley on the north-west side of the Pentland Hills. On the

south-east side of the chain the Esk has captured the streams

towards the north, and the river Medwyn the streams towards the

south-west, while the Lyne alone preserves its old south-east course

across the intervening hollow, and enters the Southern Uplands as

a tributary of the Tweed.

Desoeiption of Horizontal Section.

The horizontal section on the scale of one inch to a mile in the

new edition of Sheet 32 shows the general arrangement of the

strata along a line extending from the south side of the Eoman
Camp Hill, north-westwards by Straiton and the Pentland Hills

to the neighbourhood of Bo'ness. An obscure area, about five miles

in length, that intervenes between the Water of Leith and the river

Almond has been omitted.

The marked unconformability between the folded Silurian strata

and the gently inclined Lower Old Eed Sandstone rocks of the
Pentland Hills is clearly illustrated, together with the volcanic

sequence dipping in a south-easterly direction. The complete dis-

cordance between the Lower Old Eed rocks and the Upper Old
Eed Sandstone is shown near Kinleith, where a thin development
of the latter with the overlying cementstones rests transgressively

on an eroded platform of the lower members of the volcanic series.

On the north-west side of the chain the strata overlying the
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volcanic horizon of Arthur's Seat are let down by means of a normal
fault, and on its south-east margin the Oil-shale group is brought
into contact with the highest members of the Lower Old Eed
volcanic series along the Pentland fault.

The section further illustrates the sharp plication of the Oil-

shale group close to the Pentland fault and the high inclination

of the Carboniferous Limestone series for some distance to the east.

In the centre of the Mid-Lothian basin the strata are represented as

almost horizontal, beyond which the members of the Lower Limestone
group rise to the surface in Eoman Camp Hill.

The western portion of the section from the river Almond to

a point beyond Three Miletown depicts the various undulations

of the Oil-shale group whereby the workable shales are made to

cover a broad belt of country. Westwards they pass beneath the

Lower Limestones and the overlying volcanic series associated with
the Bo'ness coals. B. N. p., c. T. c, J. H.



CHAPTER II.

THE SILUEIAN EOCKS.

Llandeilo-Caeadoo.

The strata belonging to the lower division of the Silurian system are

of small extent and form part of the northern edge of the Silurian

tableland of the Southern Uplands. One portion occurs in the

south-east comer of the map, south of Middleton Moor, the other

lies about two miles south-east of Penicuik, where it forms a

promontory running into the Mid-Lothian basin. In both areas

the rocks consist of green greywackes, pebbly grits and shales,

striking E.N.E. and W.S.W. at high angles, in accordance with

the general trend of the Silurian strata in the ground to the

south. Hitherto these sediments have proved unfossilifprous, but,

in the adjoining tracts immediately to the south and south-west, the

Arenig radiolarian cherts and the Glenkiln Shales with some of

their characteristic graptolites (Upper Llandeilo) appear along

isoclinal folds among barren greywackes, grits and shales of younger

age.* In certain localities near the northern margin of the table-

land, the Glenkiln Shales undergo modification and occur as thin

films among greywackes, thus showing that the Moffat type of

sedimentation in Upper Llandeilo time is giving place, in the north,

to coarser sediments. It is worthy of note also that near Leadburn,

about a mile beyond the south margin of Sheet 32 and about

three and a half miles S.S.E. of Penicuik, there is an excellent

exposure of the " Haggis Eock "—a fine conglomerate containing

fragments of the radiolarian chert and Arenig volcanic rocks, which
is regarded as of Caradoc age. On these grounds the strata south

of Middleton Moor, and at Gray Brae south-east of Penicuik, may
be referred to Llandeilo-Caradoc time.

Wenlock, Ludlow and Downtonian.

Within the range of the Pentland Hills and completely sur-

rounded by various subdivisions of the Old Eed Sandstone and the

associated igneous rocks, three isolated patches of Upper Silurian

strata have furnished a definite assemblage of organic remains.

These areas may be grouped as follows : (1) the tract on the south

side of the watershed extending from the Lyne Water by the North '

Esk Eiver to the Green Law, a distance of three and a half miles

;

(2) the narrow belt running along the east slope of the Black Hill

from Habbie's Howe at Loganlee to near CraigenteWie ; (3) the Hare
Hill and Bavelaw Castle inlier.

* " Sflvirian Eocks of Scotland," Mem. Geol. Sur., 1899, pp. 260-253.
10
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1. INLIER EXTENDING FKOM THE LYNE WATEE BY THE NORTH
ESK TO THE GKEEN LAW.

In the Geological Survey memoir on "The Silurian Eocks of

Scotland," p. 17, an account is given of the gradual development of

our knowledge regarding the geological structure and palaeontological

subdivisions of the Silurian rocks of the Pentland Hills. It was
indicated that the general order of succession in the North Esk as

given by Sir A. Geikie in the memoir on "The Geology of the

Neighbourhood of Edinburgh " has been confirmed by subsequent

investigators. He showed that by following the Esk from Carlops

northwards to the watershed, the observer crosses the series nearly

at right angles to its strike, and that with the exception of certain

minor folds an ascending succession is traceable from the green, grey
and reddish shales at the reservoir to the Downtonian or passage

beds near the watershed. The researches of various local observers,

notably of Messrs. John Henderson and D. J. Brown, have proved
the existence of certain palaeontological zones, some of which yield

a large assemblage of organic remains. Messrs. Henderson and
Brown further showed that the Downtonian or passage beds at the

head of the North Esk section are traceable across the hills in a

south-west direction to the Lyne Water, suggesting at the same
time, from the presence of marine fossils in the conformable Eed
Sandstone series, that the latter might belong to the Silurian instead

of the Lower Old Eed Sandstone system.*

At the southern limit of the section, below the reservoir, the

river and the adjoining rivulets have laid bare numerous exposures

of green, grey and reddish shales with occasional bands of grit, which
dip sometimes towards the south-east at angles varying from 50°

to 70°. From certain seams below the reservoir the Geological

Survey obtained specimens of Monograptus, Nucleospira pisum
(J. de C. Sow.), Gucullela sp., while Messrs. Henderson and Brown
have recorded the following forms : Monograptus priodon (Bronn),

Retiolites geinitzianus (Barr.), Glassia compressa (J. de C. Sow.), and
Theca sp. from a knob near the cottage at the reservoir.

Northwards towards the northern side of the reservoir, strata of

the same general type as those just described are well seen on the shore

of the lake above the mouth of Gutterford Buret. Here occur zones

of green and red lumpy shales, with occasional grit bands, containing

abundant remains of Dictyocaris ramsayi Salt., which are either

vertical or inclined to the north-west at high angles. On the right

bank of the river, near the head of the reservoir, certain flaggy bands
of sandy grit, east of an old quarry, yielded to the Geological Survey
crinoid stems, Dictyocaris ramsayi, Orthonota and Fterinea; and to

Messrs. Henderson and Brown, Glassia compressa and Bellerophon

dilatatus J. de 0. Sow.

The Gutterford Burn—an important tributary of the North Esk
from the north-east—displays an admirable section of this series of

shales, which has become widely known within recent years from the
discovery by Mr. Henderson of certain seams, yielding new forms of

Eurypterids, described by Dr. Malcolm Laurie. These organic
Trane. Edin. Qedl. Soe., vol. I p. 272.
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remains are associated with a few species of graptolites of character-

istic Wenloek types. Of further interest is the occurrence of a thin

band of coralline and encrinital limestone and certain beds contain-

ing well-preserved remains of star-fishes.

The strata in the Gutterford Burn consist generally of green and

grey shales with bands of micaceous flaggy greywacke and red and

purple shale, which, from the constant change of dip, are apparently

repeated by sharp folds. Indeed, throughout some parts of the

section the dip is so persistently to the south-east that many of the

outcrops may be inverted. Near the head of the stream, which is

about a mile in length, green and buff-coloured mudstones alternate

with green micaceous sandy flags and greywackes. At a point about

twenty-five yards north from the ruin of Gutterford shepherd's

house, on the east bank, the fossiliferous beds yield well-preserved

specimens of star-fishes. From the green and buff-coloured mud-
stones and shales the following specimens have been obtained :

—

Monograptus vomerinus Nich.

Palseaster sp.

Oheirurus bimuoronatus (Murch).

Phaoops stokeai M. Edw.
Glassia obovata (/. de C. Sow).

Ortliis sp.

The star-fishes, however, occur in greater abundance in one of

the green sandy bands, varying in thickness from a few inches to a

foot and a half, which are associated with the mudstones. These

have yielded specimens of Ptilodictya, Monograptus vomerinus Nich.,

Faloeaster, Palceasterina, Protaster and Periechoerinus.

About a quarter of a mile below the ruin of the shepherd's house

the beds crop out which have yielded the new forms of Eurypterids.

The locality is about half a mile up from the North Esk Eeservoir,

where on the east bank the strata consist of flaggy micaceous

greywackes, breaking with an irregular fracture and dipping towards

the south-east at an angle of 80°. A characteristic feature of this

Eurypterid bed is the abundance on the divisional planes of

Dictyoearis ramsayi Salt, forming large black patches about an inch

and a half across. Graptolites, though numbering few species, are

not of infrequent occurrence, and, considering the sandy nature of

the material, are in fairly good preservation.

The species of arthropoda, described from this bed by Dr. Malcolm
Laurie * are given in the following list :

—

Palseophonus loudonensia Laurie.

Slimonia dubia Laurie.

Stylonurus macropthalmus Laurie.

„ ornatus Laurie.

„ elegans Laurie.

Drepanopterus lobatus Laurie.

„ pentlandicus Laurie.

Drepanopterus bembycoides Laurie.

Eurypterus scotious Laurie.

„ minor Laurie.

„ conicus Laurie.

„ oyclopbthalmus Laurie.
Bembicosoma pompMcua Laurie.
Ceratiocaris sp.

About fifteen yards down stream from the Eurypterid band a

seam of limestone about ten inches thick lies embedded in mudstones,
shales and greywackes. Weathering with a rich brown colour, this

rock in fresh fractui'e is found to be made up in large part of crinoid

stems, while containing also remains of corals, brachiopods and several

other calcareous organisms.

Eeturning to the North Esk section, we find in certain quarries
* Trans. Soy. Soc. Edin., vol. xxxvii. p. 151, and vol. xxxix. p. 575.
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near the second rivulet, about a third of a mile above the reservoir,

a group of vertical strata, about 200 ft. thick, which differ consider-

ably in character from the great shaly division just described. They
(/onsist of hard sandstones and quartzose grits, which contain fossils

easily discernible on weathered surfaces, and in the centre of the

quarry a shaly band yields specimens of Orthonota amygdalina (J. de
0. Sow.) (Band B of A. Geikie, C of Henderson and Brown, 5C in

Fig. 1). These grits are succeeded by greenish-grey shales and sandy
hands, which are highly fossUiferous (Band D of Henderson and
lirown, 5D Fig. 1). They are specially rich in brachiopods and
lamelUbranchs, and yield a considerable number of gasteropods and a

few cephalopods and trilobites.* This zone can be traced along the

south slope of the tributary valley of Wetherlaw Linn, and still

farther to the south-west it reappears near the head of the Deerhope
Burn, where it has yielded a large number of characteristic fossils.

In the Esk section, the beds of the succeeding zone (Band E of

Henderson and Brown, 5E, Fig. 1) are exposed at the mouth of the

Wetherlaw Linn—a small tributary stream on the west side of the

valley—and also on the west bank of the Esk, a few yards to the

north of that tributary. They consist of mudstones, shales and sandy
bands of a greenish-grey tint, and weather with a marked con-

cretionary structure. In certain layers, they are crowded with casts

of fossils, two of the characteristic forms being Plectamhonites trans-

versalis (Wahl.) and Amphispongia oblonga Salt. This proliiic zone

preserves its highly fossiliferous character in the lower portion of the

Wetherlaw Linn Burn ; it likewise passes south-westwards across the

head of Deerhope Burn, and is eventually overlapped by the grey-

wacke-conglomerates and sandstones at the base of the Lower Old

Eed Sandstone.

Next in order in the Esk section, at a point about 150 yds. north

of Wetherlaw Linn, come concretionary greenish-brown sandstone

and shales (Band F of Henderson and Brown, 5F in Fig. 1), which

furnish numerous and well-preserved specimens of Orthoceras maclarcni

Salt. In addition to this form, the Geological Survey has collected

from it Dictyonema verisimile (Salt.), Khyi/ichonella nucula (J. de C.

Sow.), Platyeeras antiquatum (Salt.), Entomis Uiberosa Jones, with a

fragment of a crustacean ; while Messrs. Henderson and Brown have

obtained also Pholidops implieata {3 . de C. Sow.), Spirifer sp., Pterinea

retroflexa (Wahl.) and Conularia sowerbyi Defr.

A little farther north, the Esk is joined from the west by the

Henshaw Burn, in which, a few yards from its foot, yellowish-brown,

sandy, concretionary and sparingly fossiliferous bands appear. These

are rapidly succeeded by dark-brown, sandy shales yielding a large

assemblage of organic remains (Band H of Henderson and Brown, 5H,

Fig. 1). Among the noteworthy palaeontological features of this

zone are : (1) the great abundance of a new species of Rhynchonella

discovered by Mr. Haswell and named by him R. pentlandica ; and

(2) the common occurrence of Platyschisma simulans Salt. Indeed,

in the North Esk section the members of this zone lie not far beneath

the Downtonian or passage beds, for they graduate upwards through

some green sandy shales and soft red shales into a band of red

* Lists of fossils collected from Band J) are given in " The Silurian Bocks of

Scotland," pp. 596, 697.
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conglomerate (6a, Fig. 1), which here marks the base of the conform-
able red sandstone series. In the first edition of the Geological

Survey Map of the Edinburgh region (Sheet 32), these soft red shales

and conglomerates were correctly taken as indicating the base of the

conformable red sandstone series, but in the sequel it will be shown
that Messrs. Henderson and Brown were likewise right in their

contention that these red beds and the underlying Ludlow rocks are

prolonged south-westwards to the Lyne Water, where they appear
to the south of Hareshaw.

The exposures of this overlying Downtonian series both in the

North Esk and Henshaw Burn are by no means satisfactory, as

the sections are not . continuous, but taken in connection with the

evidence furnished by the Lyne Water, the strata may be correlated

in a general way with their probable equivalents in the Lesmahagow
region. In the North Esk they consist of red and yellow sandstones,

grits and shales, which are exposed only at intervals in the stream
northwards for a distance of about 300 yds. At their northern

limit they are abruptly truncated by a fault which brings down
against them the Upper Old Eed Sandstone (c^, Fig. 1). In like

manner, in the Henshaw Burn, similar red sandstones appear at

intervals, and at one point near their northern limit a band of

conglomerate with a few quartzite pebbles (6d, Fig. 1), recalls the

quartzite conglomerate that overlies the fish-bed in the Lesmahagow
region. In these sections we fail to find the green shales associated

with the conformable red sandstones at Lesmahagow and in the

Lyne Water. There are, however, numerous gaps where no strata

are visible, so that these rocks might quite well occur in the North
Esk section though not at present exposed there. The discovery by
Messrs. Henderson and Brown of Entomis tuberosa Jones, Platy-

schisma helicites (J. de C. Sow.), and fragments of an Orthoceras in

certain yellow and red beds on the Deerhope Eig, at a point about

600 yds. from the foot of the Henshaw Burn, may be of importance,

if these fossils really occur within the Eed Sandstone series.

The section in the Lyne Water at the south-west limit of the

Upper Silurian inlier of the Pentland Hills lays open an important

development of Upper Ludlow rocks. A small tributary that joins

the Lyne from the east, at a point about 300 yds. south of Hareshaw
shepherd's house, flows nearly parallel to the general strike of the

Silurian strata, which here consist of green shales and mudstones,
resembling the Upper Ludlow rocks of the North Esk. Along their

southern limit they are faulted against the greywacke-conglomerate,
which forms the base of the sedimentary strata underlying the
volcanic division of the Lower Old Eed Sandstone. Towards the
close of 1896, a careful search for fossils was made in the green
shales and mudstones exposed in this burn, with the result that some
of the characteristic forms of the Upper Ludlow rocks were obtained

in considerable numbers.

In the Lyne Water, at the junction of the two small streams,

a small exposure of conglomerate may be seen, whose relations

are uncertain, but which is probably faulted against the Silurian

rocks, for there is here evidence of much disturbance. Immediately
to the north of this conglomerate the green shales and mudstones of

Upper Ludlow age reappear.



16 Silurian Rocks.

Northwards, at a prominent bend in the Lyne Water to the west,

and about 270 yds. south of Hareshaw shepherd's house, coarse

conglomerate is met with, dipping towards the north-west at high

angles. It contains large pebbles of porphyry and other rocks, but

these are hardly distinctive enough to determine the precise geological

horizon of this band. At the point where the Lyne leaves its east

and west course and resumes its normal trend, this coarse conglomerate

is bounded on the west side by a north and south fault, having a

downthrow to the east, which brings it in contact with fine con-

glomerate and red sandstones, well seen on the west bank of the

Lyne about 260 yds. south of Hareshaw. These pebbly and sandy

sediments are evidently the basement beds of the conformable red

sandstone series (Downtonian). They are exposed at intervals in

the bed of the Lyne Water northwards as far as the shepherd's house

of Hareshaw, and are either vertical or inclined at high angles to the

north-west.

Farther up the same watercourse these conformable red sand-

stones are succeeded by green and blue shales, and mudstones with

bands of flaggy greywacke, which, at a bend in the stream one-third

of a mile north of Hareshaw, have yielded fragments of Dictyocaris.

From their Uthological characters they are evidently the counter-

part of the green and grey slaty shales, which, in the Lanarkshire

area, overlie the first zone of red sandstones and underlie the con-

glomerate so abundantly charged with quartzite pebbles. During
1898, Mr. Tait detected a brown sandy shale, on both sides of the

Lyne Water north of Hareshaw, which yielded the fossils character-

istic of the Glauconome zone in the Downtonian rocks of Lanark-
shire. On the east bank of this stream, 20 yds. north of the

sheepfold, about one-third of a mile north of Hareshaw, this band
yielded a sponge, Glauconome, Spirorhis, together with a fragment of

one of the Downtonian fishes, Ateleaspis tessellata Traq. Moreover,
along the line of strike, about three-quarters of a mile north-east of

the locality just referred to, the Glauconome band was noted in the

Lynslie Burn.

Northwards in the Lyne Water, these green mudstones and shales

are followed by red pebbly sandstones and shales with sun-cracks,

which extend up stream for a distance of a quarter of a mile, and
can be followed along the strike to the north-^east, for about half a

mile to the Lynslie Burn. To the north of this narrow belt of red

sandstones, green and red mudstones, and shales again appear which
are visible in the Lyne Water and in a tributary from the east, up
to its junction with the Lynslie Burn. In the Lyne Water below
the fork, these mudstones have yielded detached fragments of fishes,

and near the foot of Lynslie Burn, close to the red sandstones, they

furnished to Mr. Tait, a sponge (?), crinoid stems, Spirorlis, together

with minute fragments, chiefly scutes, of the Downtonian fishes

Birlcenia elegans Traq., Ateleaspis tessellata Traq., and Lasanius
proUematicus Traq. The stratigraphical horizon of the more
northerly belt of red sandstones is not quite clear; it may be a
repetition by folding of the sandstone belt south of Hareshaw.

The green mudstones and shales north of the second belt of

red sandstones in the Lyne Water, in turn, are followed by red

sandstones with red and green shaly partings and thin bands of
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conglomerate, which are covered unconformably by the greywacke-
conglomerate and sandstones that form the base of the great
volcanic series of Lower Old Eed Sandstone age. It is of importance
to note that, in the Lyne section, the quartzite conglomerate which
overlies the fish-band in Lanarkshire has not hitherto been observed.

From the evidence now advanced regarding the main Upper
Silurian inlier of the Pentland Hills, the following conclusions may
be drawn ;

—

(1) In the lower portion of the North Esk section, to the south
and north of the reservoir, and especially in the Gutterford Burn,
an important development of Wenlock rocks can be separated on
palaeontological grounds from younger strata.

(2) In the higher part of the North Esk, to the north of the
Wetherlaw Linn Burn, representatives of Ludlow rocks contain some
of the characteristic fossils of the Upper Ludlow rocks of Lanark-
shire.

(3) In the Esk section, and again in the Lyne Water, green
shales and mudstones (Upper Ludlow) pass upwards into a con-

formable series of strata (Downtonian), composed of conglomerates
with red sandstones, and green and grey shales, and greywackes, the

latter yielding some organic remains found in the Wenlock and
Ludlow Eocks.

(4) Between the Wenlock, Ludlow and Downtonian strata on
the one hand, and the volcanic series of the Lower Old Eed Sand-
stone on the other, there is a complete discordance, as the Old Eed
conglomerates with greywacke pebbles, derived from the Silurian

tableland, rest on the upturned edges alike of Wenlock, Ludlow and
Downtonian strata.

ii. THE LOGANLEE AND CKAIGENTEEEIE INLIEE.

During the re-examination of the Pentland Hills, Mr. E. H.
Cunningham Craig obtained evidence to prove that the Silurian

strata at Loganlee are continuous with those near Graigenterrie.

This narrow belt is truncated on the east side by a fault that brings

down the contemporaneous igneous rocks of Lower Old Eed Sand-

stone age, while on the west side it is bounded by the mass of

intrusive microgranite of the Black Hill belonging to the same
period of volcanic activity.

Westwards from the Loganlee Eeservoir, the Silurian strata are

exposed by the roadside, at a point about 250 yds. from the lake,

and they likewise appear for a distance of 200 yds. up the valley.

Towards the north-east they are visible on the hill-slope, and like-

wise in a streamlet that empties into the reservoir. There is little

variety in the character of the strata, as they consist mainly of grey

slaty shales. Mr. Henderson found in them several species of

graptolites, regarding which Professor Lapworth has made the

following observations :
*

—

" On the whole, it may be asserted with safety that the researches

of Mr. Henderson have furnished us with six distinct species of

graptolites from the shales of Habbie's Howe, viz. Monograptus
colonus, M. priodon, M. scoticus, M. Flemingi, Eetiolites geinitzianus

• Trans. Oeol. Soe. Edin., voL ii. p. 377.
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and Dictyonema assimile. The general facies of this group shows at

a glance that the containing beds are of Upper Silurian age. The
absence of Monograptus Sedgmcki, M. Nilssoni and other peculiar

Llandovery forms forbids us to place the beds in that formation,

while the certain presence of Monograptus priodon and Gyrtogfaptus

scoticus, which are unknown in the Ludlow, equally forbids us to

assign them to that formation. They must therefore be considered

as of Wenlock age."

At intervals along the eastern slope of Black Hill small exposures

of grey slaty shales are to be found, thus indicating their prolongation

northwards in the direction of Craigenterrie. Again, at the base of

the northern declivity of the hill, the strata present the same litho-

logical characters as at Loganlee, but, so far as known to us, no

fossils have been obtained from them.

iii. BAVELAW CASTLE INLIEE.

On the northern slope of the Pentland HUls another Silurian

ialier extends from the quarries at Bavelaw Castle to the western

slope of Black Hill, including a portion of Hare Hill. The strata

present uniform lithological characters, consisting of zones of grey

slaty shales, with sandy bands or flaggy greywackes and occasional

grits. They resemble lithologically those in the lower part of the

North Esk—a correlation which is supported by their palseonto-

logical evidence. From the quarries at Bavelaw Castle the Geological

Survey obtained specimens of Glassia compressa (J. de C. Sow.), Zingula

lata J. de C. Sow., L. lewisi J. de C. Sow., together with other

forms.

The slope of the range along the northern declivity of Hare Hill

exposes in many places grey slaty shales, sandy bands and occasional

grits, which are evidently repeated by folding, though their general

dip is to the west or W.N.W., at angles varying from 40° to 65°.

Two small ravines have laid open fossiliferous strata : the west
ravine has furnished specimens of Acidaspis, Glassia compressa (J. de

C. Sow.), Meristella maclareni (Hasw.), GucuUela sp., Theca, Orthoceras

;

and the east ravine, Monograptus, Retiolites geinitzianus (Barr.),

Dictyocaris, Zingula lewisi J. de C. Sow. and Orthoceras. .

In connection with the Upper Silurian rocks of the Pentland
Hills, reference ought to be made to the occurrence of numerous
blocks of limestone in the greywacke-conglomerate of Lower Old
Eed Sandstone age in the Logan Burn, about half a mile west of the

Loganlee Eeservoir, that contain corals and other organisms, a large

number of which are Upper Silurian forms. In all likelihood these

blocks were obtained from bands of limestone similar to that in the
Gutterford Burn, and occurring within the Silurian area of the

Pentland HUls.^ B. N. P., j. H.

' See " Silurian Eocks of Scotland," p. 606, for list of fossils from these lime-
stone blocks.



CHAPTER III.

LOWEE OLD EED SANDSTONE.

EoCKS of Lower Old Eed Sandstone age occupy a considerable area

of Sheet 32, extending south-westwards from the southern suburbs of

Edinburgh for twelve miles to the edge of the Sheet, and having an
average breadth of about two miles. They form the greater part

of the Pentland Hills, including the Braid Hills and Blackford

Hill to the north, and the projecting spur of Warklaw Hill to

the west.*

The researches of Mr, Charles Maclaren on the volcanic rocks of

the Pentland Hills deserve special recognition. He was the first to

make a detailed investigation of these materials, and to furnish a

careful description of their characters and development. He early

recognised that the igneous rocks represented a series of slaggy lavas,

poured out intermittently with periods of quiescence, during which
sediments were laid down. He noticed, moreover, the increasing

thickness and variety of the volcanic products when traced from
south to north, from which he inferred that the centre of distribution

lay somewhere in the northern part of the area. At the same time

he ascribed the present linear arrangement of the rocks mainly to

their having flowed along a valley trending in a north-east and
south-west direction.f

All these conclusions, save the last, were confirmed by Sir

Archibald Geikie after his more detailed examination of the area.

His investigations led him to the belief that the present distribution

of the volcanic rocks is the result of subsequent tectonic movements,
followed by prolonged denudation. With regard to the position of

the principal volcanic vent, he suggested that it was situated in the

low-lying area of the Braid Hills, being led to that conclusion by the

disappearance in that area of the marked bedding of the flows, so

apparent in the higher ground to the south, and by the difficulty of

distinguishing the highly decomposed and frequently brecciated

trachyte of the Braid Hills from a fine-grained tuff. His wide
acquaintance with the geology of Scotland enabled him to

recognise that while the volcanic rocks of the Pentland Hills

probably proceeded from a local centre, yet this was only one
of many volcanoes which were active in the British Isles at this

epoch.

The Lower Old Eed Sandstone rests unconformably upon the

Silurian rocks, and is in turn unconformably overlain by the Upper
Old Eed Sandstone. The lower portion is of sedimentary origin and

< * Reference should be made to the horizontal seotiou illustrating the geological

structure of the Pentland Hills at the foot of the colour-printed edition of Sheet 32.

t " A Sketch of the Geology of Fife and the Lothians, including detailed Descrip-
tions of Arthur's Seat and Pentland Hills," 1st ed. 1839, p. 183.

19
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the upper essentially volcanic, the various subdivisions being given in

descending order in the following table :

—

(g) Carnetliy and Hillend group of basalts and basic andesites.

(/) Woodhouselee and Braid Hills group of acid andesites and trachytes.

(e) Caerketton group of rhyolitic lavas and tuffs.

(d) Allermuir group of basic andesites and basalts, with one flow of

porphyritic rhyolite near the base and thin intercalations of sediment.

(c) Bell's Hill and Howden Burn group of rhyolites, with subordinate con-

glomerates.

(b) Bonally group of basalts and basic andesites.

(a) Bafoment conglomerates and sandstones resting unconformably on Upper
Silurian rocks.

The Lower Old Eed Sandstone rocks of this area have been

affected by powerful earth movements at least twice since the period

of their formation. The tectonic features of the Pentland Hills

were in large measure determined before Upper Old Eed Sandstone

time, and were further developed at the close of the Carboniferous

period. During the earlier movements the rocks were bent into an
arch running north-east and south-west, pitching north, and were
traversed by a series of strike faults. The outcrops of the various

subdivisions of the group are in general accordance with this

structure, but the south-western limb of the fold is almost completely

concealed beneath an unconformable covering of Upper Old Eed and
Calciferous Sandstone strata.

(a) BASEMENT CONGLOMERATES AND SANDSTONES.

In consequence of the structure of the range, the Silurian rocks
and the overlying basement conglomerates of the Lower Old Eed
Sandstone are exposed in the southern portion of the area. The
latter rest upon any zone of the Upper Silurian formation from the
Downtonian group, with its fish beds and conglomerates, down to the
Wenlock shales and grits. This indicates the extent to which
denudation had proceeded in the area of the Pentland Hills before
the deposition of the Lower Old Eed Sandstone, but a few miles to

the south, near Lamancha, the overlap is continued even farther,

and the conglomerates are found reposing on volcanic rocks of

Arenig age.

The best exposures showing the unconformable junction of the
two formations occur along the course of the Lyne Water at the
western edge of the North Esk inlier of Silurian rocks. Here a
coarse conglomerate, dipping gently towards the north-west, lies

across the truncated edges of the vertical Downtonian strata. The
latter include a bed of conglomerate associated with flags and mud-
stones, which close afc hand have yielded the characteristic fossils

of the Downtonian fish bed.

Where the Lyne again crosses the margin of the Silurian inlier

about a mile farther south the main junction is a faulted one, but a
small portion of the Lower Old Eed conglomerate is still preserved,
close to the fault, resting unconformably on the edges of the
" Trochus beds " of the Ludlow succession. In all sections to the
east and north of this locality, especially those of the North Esk
and Monks Burn, the conglomerates dipping to the south-east are
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seen to rest on intensely folded greywackes and shales of Wenlook
age.

Around the Silurian inUer, near Loganlee, the relations of the

two sets of rocks have been obscured, partly by the intrusion of the

Black Hill porphyry, which followed the plane of the old uncon-
formity, and partly owing to the subsequent overlap of the Upper
Old Eed Sandstone.

The best sections of the conglomerates of the basal group are to

be found along the courses of the Monks Burn and the North Esk.
The following details of the Monks Burn section are quoted from
Sir A. Geikie's original account,* the lowest beds occurring at the
upper end of the stream :—

Felstone, of Nine Mile Burn + "j

Felspathio breccia

Eed sandy conglomerates with felspathic layers .

.

Hard grits and soft green and yellow sandstones, the whole very
generally conglomeratic, but most so towards the base, where
there are regular seams of conglomerate .

.

Coarse green conglomerate of Silurian grit

Grits and sandstones, as before, conglomeratic

Coarse greenish conglomerate of Silurian fragments
Yellow grit and sandstone .

.

Very coarse red conglomerate
Highly inclined Silurian red shales.

Ft.

800
to

1200

100
200
150
40

250 to 300

Sir Archibald Geikie further observed that while the general

succession of sedimentation is of the same character ut all points

around the North Esk inlier, yet considerable variations in details

can be recognised even in neighbouring sections.

The conglomerates of the group, which are well bedded and com-
posed of well rounded pebbles, are always coarsest at or near the

base of the series where they are made up almost exclusively of the

debris of Silurian rocks. The locally derived pebbles, however, are

much fewer in number than those which resulted from the erosion

of older Silurian strata farther to the south. The most abundant
pebble consists of greywacke of the type of the Queensberry G-rits

(Tarranon) which is associated with smaller fragments of the Haggis
rock (Caradoc), the radiolarian cherts and the Arenig volcanic rocks.

It will be seen that these conglomerates differ from those of the

Downtonian group chiefly in their greater coarseness and in their

containing so many greywacke pebbles. Further, their natural

colour, where unstained, is green, while that of the Downtonian is

red. It is interesting to find in the Old Eed conglomerates many
broken pebbles of quartzite and igneous rock obviously derived
from the conglomerates of the older formation. As pointed out by
Sir Archibald Geikie, the sandstones and grits associated with these
conglomerates have a greenish or grey tint, and frequently it is

impossible to distinguish the harder varieties from the subjacent

Silurian grits out of which they have in large measure been formed.

No pebbles of the volcanic rocks of the Pentland Hills have been
obtained from the conglomerates and sandstones of the lower portion

of the sequence.

As a general rule the sandstones increase in importance as one

• " Geology of the Neighbourhood of Edinbnigh," Mem. Oeol. Swr., p. 8.

t BonaUy group (h) of preceding table (p. 20).
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passes upwards in the succession, although conglomeratic conditions

recur at intervals throughout, and scattered pebbles frequently

appear even in the sandstones. About half-way up from the base of

the group pebbles of the basic and acid types of the Lower Old Eed
volcanic rocks appear and increase in number upwards ; at the same

time the sandstones show an admixture of felspathic material which

forms a conspicuous ingredient in the higher portions of the series.

Eound the inlier near Loganlee only the basement conglomerates,

free from pebbles of volcanic rocks of the Pentland Hills, are exposed.

A good section occurs along the course of the Logan Burn at the

waterfall, where the well-bedded conglomerates dip southwards away
from the laccolitic intrusion of the Black Hill that have yielded

the well-known fossiliferous blocks of limestone,* to which reference

has already been made.
In the more northerly inlier, west of Bell's Hill, the conglomerates

and sandstones dip to the south-east at 45°. The junction with the

Silurian rocks, which is probably a natural one, is here concealed

under drift. The original relations of the conglomerate to all the

overlying rocks are obscured by faults.

It is evident from the nature of the sediments just described

that they were derived from the south and were deposited upop a

subsiding area. Many of the conglomerates show an imbricated

arrangement of the flatter pebbles similar to that found in torrential

flood gravels indicating a transport from the south.

(b) BONALLY GEOUP OF BASALTS AND BASIC ANDESITES.

The passage of the sediments of group (a) into the overlying

volcanic rocks can be observed only in the southern part of the area

round the Silurian inlier of the North Esk. Here the subdivisions

of the volcanic series indicated in the foregoing table (p. 20) are

poorly represented when compared with their typical development
round the hills of AUermuir and Caerketton. Fortunately it is not
difficult to establish the relation between the two areas. The four

upper groups (d, e,f, g) can be traced continuously from the one
region to the other. The Braid Law rhyolites east of the Monks
Burn present the same characters as those of Bell's Hill to the
north of the Loganlee Eeservoir, and although not continuous with
them may be confidently referred to the same group (c) rather than
to the porphyritic acid flow intercalated with the basic lavas of

group {d). Hence the basic lavas of Bonally, beneath group (c) are

considered to represent the volcanic rocks which immediately overlie

the sediments (group a) in the more southerly part of the region.

The Dean Burn that drains the Bonally Eeservoir affords an
excellent section of basaltic and basic andesitic lava flows (group 6)

inclined gently towards the south-east and separated from each other

by their own slaggy surfaces, or by thin partings of basic ash. Some
of the lavas are conspicuously porphyritic with tabular plagioclase

phenocrysts. The rocks of this group (6) with part of the succeeding
one (group c) are probably repeated in Warklaw and Tordufi" Hills

respectively, by the fault bounding the BonaUy outcrop to the west.

Here the basaltic lava flows dipping gently towards the south-east
* See page 18.
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give rise to conspicuous escarpments on the steep northern face of

Warklaw Hill.

In the southern part of the region west of the Braid Law rhyolite

the Bonally group of basalts and basic andesites is represented only

by a few basic flows alternating with sandstones and conglomerates

similar to those of the underlying group (a). This attenuation of

the lava flows and the occurrence of volcanic material as pebbles in

the upper portion of group (a) suggest that some of the lower lavas

of group (6) occurring in the northern area may have been contem-

poraneous with some of the sediments included in the basal group in

the southern part of the chain.

(c) bell's hill and howden burn geoup of ehyolites.

The basic lavas of the Bonally group (J) in the typical area near

Bonally Eeservoir are immediately succeeded on the east by much
more acid rocks, the chief type being a light pinkish or yellow

rhyolite with very marked platy flow structure which gives rise to

conspicuous screes. That this group must consist of several flows

ejected at considerable intervals of time is best demonstrated in the

section exposed in the Howden Burn that flows past Dreghorn Castle,

where several intercalations of sandstone and conglomerate with

pebbles of greywacke and rhyolite alternate with these flows. In a

general way, though with many irregularities, the inclination of the

flow structure is in the same direction as the dip of the sedimentary

beds which is steeply towards the south-east. The rhyolites, when
followed south-west to Bell's Hill, pass beneath a well-marked bed of

conglomerate resembling that of Howden Burn. In both cases the

pebbles consist chiefly of greywacke like those of the basement
conglomerates, but in this instance there is a considerable number of

fragments of basic and acid lavas like the underlying rocks. This

feature is best exhibited in the steep wooded hill-slope a little to the

west of Kirkton near the head of the G-lencorse Eeservoir.

A glance at the map will show that the belt formed by the outcrop

of the members of this group varies considerably in width, its greatest

breadth being about three-quarters of a mile. In the central

part of the chain these acid lavas are truncated by the fault

which bounds the Black Hill inlier of Silurian rocks. Beyond
this dislocation to the south-west there is no reappearance of the

rhyolites even in the neighbourhood of the West Kip, where they

might be expected to crop out if they originally extended in that

direction. As already indicated, there is, in Braid Law, at least one

rhyolitic flow which may presumably be referred to this subdivision.

It everywhere shows marked fluxion structure and is highly vesicular,

the vesicles being drawn out in the direction of the general dip of

•the strata. The form of the outcrop may best be explained by
regarding it as the lenticular cross section of a very viscid lava-flow

which is elongated in the direction of dip.

{d) allermuir group of basic andesites and basalts.

In the typical northern area the acid rocks of the Howden Burn
group (c) are overlain by a succession of basic andesites and basalt
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lavas resembling those of the Bonally subdivision (6). Towards the

base of the series a porphyritic rhyolite lava, of a type elsewhere

unrepresented in the Pentland Hills, is intercalated with the basic

flows, and has been followed for a distance of about two miles across

the head of the Howden Burn and over Capelaw Hill. At a slightly

higher horizon a band of fine volcanic grit was traced by Sir Archibald

Geikie for over three miles along the valley occupied by the Glencorse

and Loganlee Eeservoirs, and is well exposed on the roadside to

the north of the latter reservoir. At their greatest development
round AUermuir the members of this group must be over 1000 ft.

in thickness. Crowned everywhere by the light coloured rhyoHtic

lavas and breccias of the succeeding group (e), these dark basic rocks

give rise to the great escarpment of the Pentland Hills from Allermuir

southwards to the East Kip. Like the members of the other

subdivisions they are attenuated when followed south-westwards

towards the Kip Hills (Plate II.).

(e) CAEEKETTON GROUP OF EHYOLITIC LAVAS AND TUFFS.

The rhyolites of this subdivision closely resemble the acid lavas

of the Howden Burn group (c) already described ; but in this case

they are associated with an important development of acid tuffs and
breccias. The rhyolites are sometimes nodular as in Caerketton and
usually exhibit fluxion structure often much involved and accom-

panied with brecciation due to flow. The fragmental material varies

greatly in texture and is sometimes very fine-grained. Near the

summit of the track between Scald Law and Carnethy, a remarkable
white-coloured tuff shows in section numerous rings resembling

pisolite, which may originally have been hollow spheres. During
a visit to this locality Dr. H. J. Johnston-Lavis compared them
to the hollow spheres formed by raindrops falling upon the fine

powdery ashes of Vesuvius, and suggested that they might have
had a similar origin.

This group attains its greatest development in Castlelaw, north of

the Glencorse Eeservoir, where there are several alternations of lava

and tuff. Southwards from this hill, fragmental rocks preponderate

and underlie the lavas. In Caerketton, however, the breccias occur

at the top of the group, and a similar sequence is observable still

farther north in the isolated exposure east of the cross-roads at

FairmUehead. Beyond this locality the Caerketton group is no
longer represented, and the rocks of group (/) appear to succeed

directly to those of group {d).

(/) WOODHOUSELEE AND BRAID HILLS GROUP OF ACID ANDESITES
AND TRACHYTES.

The rocks of this group, which are less acid and more varied than
those of the preceding subdivision, consist of hornblende- and mica-
andesites, associated with trachytes. The dominant type may be
regarded as acid andesite, quite distinct in character from the
pyroxene andesites and basalts which form the greater portion of

the volcanic series of the Pentland Hills. They are readily recog-

nised in the field by their earthy texture and light grey colour.
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When weathered, they yield the typical claystones of the older

authors.

The members of this group form a belt of varying width along the

dip slopes of the hills from Caerketton in the north-east to Walstone
in the south-west.

The interpretation of the sequence to the north of Caerketton has

been greatly facilitated by Dr. Flett's determination of the Braid
Hills claystone to be trachyte, resembling the type that occurs at

Woodhouselee and still farther to the south-west in the South Black
Hill, thus indicating the northern prolongation of the members of

this group. But the continuity of their outcrop north-east from
Woodhouselee is interrupted by a fault, running from a point near

Boghall by Swanston to Fairmilehead, which truncates the acid

rocks of groups (e) and (/), and shifts their outcrops farther north

on the downthrow side (see Sheet 32). By means of this dislocation

the basic andesites of Hillend Hill (group g), to be immediately
referred to, are brought into contact with the acid andesites and
trachytes of Woodhouselee, W.N.W. from Boghall. Again between
Swanston and Caerketton, a hornblende-andesite has been recog-

nised, which must lie between the rhyolitic rocks already mentioned
as occm'ring near the cross roads at Fairmilehead and a pyroxene
andesite belonging to group (gr). This hornblende andesite is

regarded as the continuation of the Woodhouselee group on the

east or downthrow side of the fault.

In the Braid Hills, where the members of this group bend round
an anticlinal fold, only one type of trachytic lava has been observed.

The rock is very fine grained and exhibits a platy fluxion structure,

inclined at all angles in various directions, and much broken up by
lines of subsequent crushing. In view of its decomposed condition

and its fine texture, it was doubtless difficult to determine under the

microscope the true character of this rock. It is not surprising that

Sir A. Geikie regarded it as a fine-grained pyroclastic rock, especially

as both fluxion breccias and crush breccias are exceedingly common
in these hills.

(ff) CAENETHY AND HILLEND GROUP OF BASALTS AND BASIC

ANDESITES.

The members of this group form the highest portion of the

volcanic pile exposed in this part of the Pentland Hills. There is

no evidence, however, that they represent the natural top of the
series, as these lavas, where not truncated by the great boundary
fault that brings them into conjunction with the Carboniferous
strata, are uncomformably overlapped by the Upper Old Eed
Sandstone.

Two well-known types occur in this group, the porphyritic basalt

of Carnethy and the fine-grained andesite of Blackford Hill. The
dip of the successive flows is well seen on the spurs of the Pentland
Hills rising above Hillend and at various localities farther to the

south-west. A cross section is visible in the road cuttings in the

Glencorse valley below the reservoir, where the slaggy upper and
under surfaces of the flows are very conspicuous, though the rocks

are much decomposed and reddened.
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Blackford Hill, which forms the northern limit of the anticline,

seems to be mainly carved out of a single massive flow, underlain

by a thin bed of agglomerate, seen at the north-west corner of the

hill, and overlain by a lava of Carnethy type.

Volcanic Vents and Intrusive Igneous Eocks of Lower Old
Eed Sandstone Age.

A few small volcanic vents, filled chiefly with fragmental

material, rise through the basic lavas of the AUermuir group (d)

in the northern portion of the area near Swanston, and were first

described by Sir Archibald Geikie.* One of them forms a hillock

west of Swanston Cottage and is filled chiefly with a breccia contain-

ing basic and acid material pierced at its western end by a mass
of rhyolite like that of the Caerketton group to which the vent

probably contributed. The much smaller vent forming a little

knoll immediately to the south is fllled with a coarse breccia

composed chiefly of various andesitic fragments, while still farther

south there is a third orifice narrow and elongated in an east and
west direction like a fissure vent. It is filled partly with agglomer-

ate consisting of acid and basic fragments and partly with a mica
porphyry resembling the adjacent rhyolitic lava flow.

Between Swanston and Hunter's Tryst and in the fleld to the

west, ash is exposed which probably fills a fourth vent of large size.

The pyroclastic material is fine-grained and made up almost entirely

of rhyolite fragments. A few acid intrusions occur near the

Swanston volcanic necks, which, though they cannot with certainty

be connected with any one of these orifices, have evidently risen

along the same line of weakness.

Again to the north of Bell's Hill, near the hill path between
Currie and Glencorse, a boss of pink felsite is exposed which may
represent a plug filling a vent, though not associated with any
pyroclastic material. Its intrusive character is inferred from its

unbedded appearance, its lack of flow structure and its degree of

crystallization. In all these features it contrasts strongly with
the rhyolites of Bell's Hill (group c), and presents a great resemblance

to the Black Hill felsite. It may, however, represent a stock or

vent from which the upper members of this group may have
proceeded.

By far the best known intrusion in the Pentland Hills is that

which forms the Black Hill, consisting of a somewhat dappled
flesh-coloured micro-granite or felsite. At its southern end and
close to the path leading from Loganlee to Bavelaw the felsite is

seen to rise more or less vertically through the Silurian shales and
to spread nearly horizontally over their truncated edges. Higher
up the hillside, a patch of the intensely hardened basement con-

glomerate of the Lower Old Eed Sandstone is seen resting upon
the igneous rock and can be traced westwards until it joins the

main mass of the conglomerate. It is evident that the felsite has

intruded itself as a laccolite along the unconformable junction line

between the Silurian and Lower Old Eed rocks. Apophyses of the

felsite in the form of dykes and sills can be seen traversing the
* " Ancient Volcanoes of Great Britain," 1897, vol. i. p. 324.
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hardened conglomerates in the waterfall at the foot of the Logan
Burn on the other side of the hollow which is locally known as
" Habbie's Howe," but not marked on Sheet 32.

An intrusion of a markedly different character from that just

described is exposed in the Lyne Water at the western side of the

North Esk inlier of Silurian rocks. Although it is too much
decomposed for accurate determination its granitoid structure dis-

tinguishes it from the Carboniferous intrusions of the district. It

recalls in many respects the basic modifications found near the

edges of some of the granite masses in Galloway. It has considerably

altered the basement conglomerate of the Lower Old Eed Sandstone

into which it has been injected. Although in this area the evidence

is indefinite, it is probable that this plutonic mass is of a slightly

later date than the lavas of the Pentland Hills.

Dykes.—Some decomposed lamprophyre dykes traverse the rocks

of the Silurian inliers in a north-east and south-west direction.

Three examples intersect the fossiliferous Wenlock shales in the

small quarry south of Bavelaw Castle in the Black Hill inlier.

Other instances appear in the Gutterford Burn, a tributary of the

North Esk, where they cut the highly fossiliferous rocks of Wenlock
age, near the locality famous for having yielded such a fine suite

of Eurypterids. Sills of a similar rock, too small to be shown on
the one-inch map, occur in the bank of the Quarrel Burn at the

western base of Braid Law, where they are intruded into the

sediments intercalated with the lavas of group (6) of the Lower
Old Eed volcanic sequence. Their period of intrusion seems to

have been about the close of the volcanic episode of the Pentland
Hills.

Physical Conditions.—As already indicated, the nature of the

conglomerates found at the base of the Lower Old Eed Sandstone

series and their relations to the underlying Silurian rocks clearly

show that the materials derived from the denudation of the folded

Silurian strata of the Southern Uplands were being transported from
the south on to the area now occupied by the Pentland Hills.

Further, it is probable, if not certain, that the latter region sank
while the Southern Uplands were being elevated. This subsidence

and accumulation lasted for a long time before the manifestation of

volcanic activity, and they continued during the greater part, if

not the whole, of the period of accumulation of lavas and tufl's still

preserved within the area.

From the evidence obtained during the revision of the area (see

pp. 25 and 36) it is clear that the vent from which the volcanic

materials were discharged did not occupy the site suggested by Sir

Archibald Geikie. Still it is obvious that an important centre of

eruption must have lain somewhere near the northern end of

these hills, for there is a gradual attenuation of all the groups when
traced towards the south-west. There is little evidence bearing

on the question whether the orifice lies in the concealed ground
to the east or west of the present exposures of the volcanic

rocks. If we may suppose that the group of small vents in the

neighbourhood of Swanston, first observed by Sir Archibald Geikie,

may have been parasitic cones near the main vent, we may infer

that the latter lay somewhere in the neighbourhood of Colinton.
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The boss or plug of felsite described as lying to the north of Bell's

Hill and ending across the eroded lavas and ashes, may represent

a minor orifice; but if so, it could only have supplied one of the

acid volcanic zones. The felsite of the Black Hill is in a different

category, as it is manifestly a laccolite spreading out along the plane

of unconformability. It may not improbably represent an abortive

attempt to set up a vent and thus may be regarded as belonging to

the volcanic phase.

From analogy with other areas(Cheviot Hills, Ochils,Lammermuirs),
although the present one affords no definite evidence on the point,

it is probable that the granitoid intrusion of the Lyne Water and
the thin lamprophyre dykes represent the plutonic and hypabyssal

phases of the igneous history of this region following successively

upon that of surface extrusion.

No other volcanic district in Scotland furnishes such an excellent

illustration of the alternation of markedly different types of lava.

The striking feature of the records of vulcanicity in the Pentland

Hills is the succession of basic and acid groups rather than of

individual flows,—a feature which was clearly recognised by Sir

Archibald Geikie. b. n. p.



CHAPTER IV.

PETEOGEAPHY OF THE VOLCANIC EOCKS OF THE
PENTLAND HILLS.

The deBcriptive petrography of the rocks of the Pentland Hills has

been investigated by Professor Jameson* and Charles MaClaren.f but

the only account of them from a modern standpoint is that contained

in Sir Archibald Geikie's " Ancient Volcanoes of Great Britain " (vol. i.),

which is accompanied by analyses executed by Mr. James S. Grant
Wilson. The materials used in the preparation of this chapter are

principally the large collection of rocks and slides formed by Sir

Archibald Geikie, but include also many additional rocks collected

during the revision of the mapping. It will be seen that the

general results are entirely confirmatory of Sir Archibald Geikie's work.

The difiBculties met with in describing the petrography of the

volcanic rocks of the Pentland Hills are considerable, and arise

mainly from the very imperfect state of preservation of the hand
specimens. The rocks are undoubtedly much decomposed. Fresh

specimens of many of the lavas will probably never be obtained.

Yet there are a few of the basic igneous rocks that still show the

original ferromagnesian minerals (with the exception of olivine,

which is never visible in good preservation in any Pentland rock).

In most of them, however, the ferromagnesian minerals have entirely

decayed, and usually also the felspars have been completely replaced

by secondary aggregates of various kinds. The mode of decom-
position and the nature of the secondary products—which depend
largely upon the nature of the original minerals, usually give indica-

tions of the character of the mass, and modes of weathering in the

field-outcrops are of some assistance. Sir A. Geikie, in view of these

difficulties, has had large numbers of sections cut from some of these

rocks, hoping, no doubt, in this way, to obtain a safe basis for an
opinion. But only a very limited degree of success has attended this

step, except where it proves that similar rocks, in a like condition of

degeneration, occupy a considerable area, and may be mapped as a

single mass.

Three types of degeneration are found in these igneous rocks—so

well defined and so easily distinguishable as to serve as a rough and
ready index to a full classification. They are based on the essential

and original nature of the rocks, and hence afford a means of estab-

lishing a subdivision into three broad classes.

I. The more basic rocks are charged with iron oxides—mostly
hematite, but also in some part limonite. Calcite is the only other
common product. So complete is the alteration that not only have
the ferromagnesian minerals vanished, but serpentine and chlorite

* Memoirs of the Wernerian Society, 1818, vol. ii. p. 178.

t
" A Sketch of the Geology of Fife and the Lothiems, 1839."
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also are rare, while epidote and zeolites are seldom or never seen.

The dark red colour of the screes and weathered outcrops of this

series is an unmistakable field-indication of their distribution.

II. The most acid rocks become silicified. They change to red

hornstone-like or even jaspery masses. Under the microscope their

prevalent constituent is secondary quartz, which is intimately mixed
with other derivative minerals, such as kaolin. Limonite and hema-
tite give them a pale red colour. Calcite is unusual in these rocks,

and chlorite is equally rare. Secondary muscovite afber the felspar

is found mainly in the intrusive acid rocks (Black Hill granite

porphyry). The pale colour and flinty character of this group

serve perfectly to indicate them in the field.

III. Decomposition of the third type results in the formation of

" claystones." These are grey, lilac or buff, but their colour depends

in large measure on the amount and state of chemical combination

of the iron they contain. If hematite is very abundant they are red,

if it is very scanty they are creamy or yellow ; limonite makes them
various shades of brown. They are soft and easily scratched, but
are not friable. Often they are spotted with small pale spots,

irregularly scattered or grouped in bands. Pseudomorphs after

porphyritic felspars are often seen in them, but not usually in

abundance, and the rocks are rarely vesicular. Green areas of

chlorite after ferromagnesian minerals are seldom to be found in

these claystones, and it is a somewhat remarkable fact that while

they never show fresh hornblende or augite they occasionally contain

scales of black, well-preserved biotite.

Secondary quartz rarely appears in these rocks in any quantity,

and they are never extensively silicified : this indicates that they do

not belong to the acid group. Neither is calcite at all a frequent

ingredient of them, which shows that they were originally poor in

the more basic soda-lime felspars and pyroxenic minerals. They
form, in fact, a group of intermediate rocks, which must have con-

sisted principally of felspars belonging to the more acid species of

plagioclase and to orthoclase.

The microscope shows their composition to be exceedingly simple.

In addition to scattered grains of iron oxide, they contain only

aggregates of fine scaly kaolin and muscovite after felspar. With
very thin sections it is clear that the scaly kaolin and mica are

surrounded by a network of another mineral which is colourless, and
has a rather high double refraction. This is secondary quartz, the

presence of which is explained by the liberation of silica which
takes place when the more acid felspars are kaolinised. This quartz

forms a sponge, the interstices of which are occupied by kaolin, and
when the conditions are favourable it can be established that over

small areas the quartz is in optical continuity, so that the structure

is a modification of that which is known as " poikilitic," but in a
secondary aggregate (p. 36).

Other evidence regarding the original nature of these rocks will

be given later, when the consideration of their least altered repre-

sentatives is taken up (p. 36).

Chemical analyses of the rocks of the Pentland Hills are of great

interest and value. Five are given by Sir Archibald Geikie.* They
• " Ancient Volcanoes of Great Britain," vol. i. pp. 274 and 278.
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show that, with some modification, the weathered rocks retain to a

surprising degree the chemical characteristics of the original lavas,

and in cases where mineral degeneration is very far advanced, the

bulk composition is not necessarily greatly changed. The elements

have entered into new combinations, but have only to a slight extent

been carried away and replaced by others of a different nature. In
regions like the Pentland Hills where the rocks have so decayed
that their original minerals are only to be inferred from the shapes

and composition of the pseudomorphs they leave, the petrologist

ti-nds that chemical investigation is of the greatest possible value

in supporting or negativing the evidence furnished by microscopical

examination.

The Basalts.

In the Pentland Hills, olivine basalts occur in considerable

numbers, mostly as lava flows, but probably also as intrusions.

Most of them are of porphyritic structure ; only in a few instances

are the rocks ophitic or sub-ophitic. In all cases they are greatly

decomposed ; their olivine has been replaced by limonite and hema-
tite, which often form dense, opaque pseudomorphs, but at other

times have a clear centre composed of calcite, with sometimes an
admixture of quartz or of serpentine. In other rocks they consist of

dark-brown " iddingsite." The felspars also are often replaced by
calcite and kaolin, and are stained with oxides of iron, but are some-
times fairly well preserved, and show the characteristic multiple

twinning. Fresh augite has been seen in very few of the slides ; it

is practically always replaced by calcite, limonite, quartz, and
chlorite. It is not always easy to distinguish between the pseudo-

morphs after pyroxene and those after olivine ; but when the latter

mineral is at all abundant, the characteristic outlines of its crystals

are always observable, and give a clear indication as to the nature of

the original rock. Many of these basalts are vesicular, their steam
cavities being fiUed with chlorite, calcite, iron oxides or various

forms of agate and chalcedony.

Warhlaw Hill Basalts.—The rocks of Warldaw Hill and the
north-west side of Torduff Eeservoir (group V) are all basaltic, and
include some of the most basic lavas of the whole series. They are

in a state of advanced decomposition, the felspars being the only
minerals which are still preserved, but the pyroxene and olivine can
both be identified from the outlines of their pseudomorphs. The
olivines were numerous and large, and are represented mostly by
calcite and iron oxides, but also by iddingsite and serpentine. The
structure is markedly porphyritic, as felspar, augite and olivine all

occurred as phenocrysts lying in a finer groundmass, which is now
entirely converted into an aggregate of calcite, iron oxides and other

secondary products, and is often so ferruginous as to be quite

opaque. A few small steam cavities are visible in the sections ; they
are filled with calcite, chlorite, chalcedony and iron oxides. Both
fine-grained and coarse-grained basalts occur in this series, and the
former may show pronounced fluxion structure. Sir Archibald
Geikie gives an analysis of one of these rocks.*

One or two flows of olivine basalt, not unlike those of Warklaw
* " Ancient Voloanoea of Great Britain," vol, i. p. 274,
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Hill, are found on the Dean Burn above Bonally, intercalated among
andesites, and a decomposed sub-ophitic dolerite occurs in the old

quarry on the east of Bonally Pond. Along the strike of these

rocks there is a knoll in the fields south of Dreghorn Castle

consisting of very similar decomposed basalt with many opaque
pseudomorphs after olivine.

The AUermuir and Loganlee Basalts.—The AUermuir group {d)

of andesitic and basaltic rocks stretches from the vicinity of Lothian
Burn through Swanston, south-west along AUermuir to Loganlee

Eeservoir. At its base it includes a considerable number of olivine

basalts, which repeat all the essential features of those of Warklaw
Hill. They are very completely decomposed and are coloured dark
brown by abundant secondary oxides of iron, though a few are dark
green from the prevalence of chlorite. All contain much olivine

and augite, though represented only by pseudomorphs ; their felspar

is sometimes fairly well preserved but is usually deeply stained with
hematite and chlorite, and permeated with calcite. The groundmass
is so obscured with secondary deposits as to be undecipherable under
the microscope. Vesicles filled with calcite, hematite, chlorite and
chalcedony are common in these rocks, though never forming so

large a proportion of their bulk as in the augite andesites.

A minute description of these rocks is needless owing to their

very decomposed state. The collection includes specimens from a

small quarry at Swanston Cottage, from the north side of Shearie

Knowe, and from the Green Craig. At the roadside on the west of

Loganlee Eeservoir similar olivine basalts are exposed, both at the

north and at the south end of the loch. These rocks have the

porphyritic structure usual in lava flows, but ophitic and sub-ophitic

varieties (which may be intrusive) occur also at Shearie Knowe and
at the north-west corner of Loganlee Eeservoir.

Several miles to the north-east, in the Mortonhall Golf Course,

there is a small ridge of dark olivine dolerite at the east end of the

Elf Loch, and a similar rock is formd in the old quarry north-west

of M^adowhead.
Basic rocks recur again among the lavas of the Hillend group (g)

and are found also on the east side of Carnethy. The Hillend lavas

are dark-red rocks with abundant plagioclase felspar and many
pseudomorphs after olivine, but they are not of exactly the same
type as those of Warklaw Hill and Loganlee. Their olivine crystals

are smaller, less numerous and less conspicuous, and their felspar

predominates to such an extent that it is doubtful whether they

may not be regarded as olivine-bearing augite andesites. They are

separated, however, without difficulty from the augite and hypers-

thene andesites (a few of which occur along with them), and it has

seemed best to include them among the olivine basalts. In these

rocks also the felspar remains in part undecomposed. Iron oxides,

calcite and chlorite impregnate them strongly : porphyritic structure

is universal, and steam cavities occur frequently, though the rocks

are not highly vesicular.

The well-known "porphyry'' of Carnethy, which carries large

pale-green phenocrysts of labradorite in a fine dark-green matrix,

has been included among the diabase lavas by Sir A. Geikie, and

this seems reasonable in view of the basic character of the rock as
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revealed by the analyses cited by this author* The low percentage

of silica (5116) relegates the rock to the category of basalts. The
microscopic sections show little olivine, in small corroded crystals

entirely changed to limonite and serpentine (iddingsite). The augite

has passed into chlorite, calcite and limonite. Felspar, belonging

to a basic variety of labradorite, is the main component of the rock,

and occurs in large tabular repeatedly-twinned phenocrysts and
numerous small laths of a second generation in the groundmass.
The rock contains scattered vesicles filled with chlorite, calcite and
chalcedony, and though much decomposed, is' one of the freshest of

the basic lavas of the Pentlands.

Andesites.

A considerable variety of andesitic rocks is found in the Pentland
Hills, ranging from augite and hypersthene andesites, very dark in

colour, to pale biotite and hornblende andesites. The former group
is not without difficulty separated from the basalts, into which
it passes by a gradual transition, but in every case in which a rock

shows a notable percentage of olivine it has been assigned to the

basalts. The andesites are not less numerous than the basalts; they

form probably the greater part of the volcanic series. The majority

are in the same condition as the basalts above described, and their

investigation resolves itself into a determination of pseudomorphs.
Dark basic augite andesites occur on the east side of Torduff

Eeservoir and in the Dean Burn (group b), alternating with the

basalts above described and resembling them closely in appearance

and in state of decomposition. Many of these rocks contain a few

small crystals of olivine, but these are less numerous than in the

basalts, and there is much more felspar. Some of these lavas are

vesicular. In the Dean Burn there are also dark andesites which
show pseudomorphs of bastite after idiomorphic hypersthene, a

mineral easily recognised by the shape of its pseudomorphs. The
association of basic andesites with olivine basalts is not confined to

this locality, and as a rule the andesitic rocks preponderate in the

upper part of such an assemblage, while the basalts are more
numerous below.

Similar augite andesites — which possibly contained a little

olivine—are found in the White Hill plantation above Bonally and
on the north of Shearie Knowe. On the high ridge between Aller-

muir and Caerketton (group d) a dark red andesite occurs in a very

fair condition of preservation. It bears much resemblance to some
of the Cheviot Rocks (Yetholm, etc.) and contains pseudomorphs
after hypersthene. The porphyritic felspars are still fresh, and the

groundmass has originally contained a fair percentage of glass

(hyalopilitic). This is a type of andesite which recurs in all the

Lower Old Bed volcanic areas. Far to the south-west vesicular

augite andesites form the summits of the East Kip and "West Kip
Hills. In the lavas of Hillend (group g) there are augite and
hypersthene andesites mixed with the Hillend basalts, and, like

them, much decomposed.

The Blackford Hill Type of Andesite.—The well-known rock of

* " Ancient Volcanoes of Great Britain," vol. i. p. 274.
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Blackford Hill (group g), extensively quarried for road metal, is a

dark grey finely crystalline and non-vesicular andesite, which
weathers with a reddish colour and is intersected by veins of jasper

and chlorite. It contains few porphyritic crystals, usually small

plagioclase felspars, but occasionally also biotite or augite, though
always decomposed. The rock consists mainly of small, lath-shaped,

simply-twinned felspars, with a well-marked fluxion arrangement.
Between them lie minute grains of calcite mixed with chlorite,

obviously secondary after original augite. Iron oxides, apatite and
zircon ako occur. Presh augite or biotite never appear in the

sections, and the former presence of biotite is inferred only from
the shape of certain pseudomorphs which are covered with dusty

magnetite. A similar rock, equally decomposed, is found in Cayie-

side Quarry, north-east of Swanston, and at Busie Law, Swanston,
there is an andesite of somewhat similar character but containing

many plates of pale brown biotite still perfectly fresh. Their edges

are not corroded, and this rock differs somewhat from those of

Blackford Hill and the Braids, though resembling them in more
than one feature.

An analysis of the Blackford Hill andesite has been executed by
Dr. Pollard, and is quoted below. Frankland's analysis of the Busie

Law rock* is not very satisfactory, but is given for comparison.

In both cases the alkalies are high and the sUica comparatively low.

The felspar must be andesine, oligoclase and orthoclase. In many
respects the andesite of Blackford Hill recalls the mugearites, but
it differs from these by the absence of olivine.
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BiOTiTE AND Hornblende Andesites and Trachytes.

In the Pentland Hills, rocks belonging to these categories have

a fairly wide distribution and are of considerable importance, but

many of the rocks are too much decomposed to render a minute dis-

crimination possible. This is especially true when the felspars have
been kaolinised, for though the nature of the ferromagnesian minerals

can often be inferred from the shapes of their pseudomorphs, the

outlines yielded by sections of the monoclinic and triclinic felspars

are too much alike to yield any clue to the original species when
none of its optical characters can be observed. These rocks weather
in a very characteristic fashion. Kaolinisation, which results in the

production of claystones, is their typical mode of degeneration.

They range in colour from pale yellow or pale grey through various

shades of lilac to brown or bright red and often mottled. This

characteristic is sufficient to distinguish them in the field from both
the basic and the acid rocks.

Biotite Andesites.-—Some of the red porphyritic lavas which
occur among the rhyolites of Capelaw contain much plagioclase and
biotite, and may be best described as biotite dacites.

Very similar specimens, though in much worse preservation, occur

in several other localities. In no case, however, are their felspars

fresh, and it is not impossible that some of them may belong to the

trachytes. Near Fairmilehead, on the road leading south from
Edinburgh, there are decomposed hornblende biotite andesites, with
many black-rimmed pseudomorphs after hornblende and biotite, and
specimens were obtained in Torduff Hill and at Torphin Crags which
seem to belong to the same category.

Trachytes.—The members of this group, like the biotite andesites,

are usually much decomposed. The best preserved are those of

Woodhouselee (group/). In the quarry north of the mansion house
of Woodhouselee a biotite trachyte is found (312). It is a dark grey

or reddish grey rock with phenocrysts of sanidine and fresh biotite.

In the microscopic section, the felspars, though somewhat weathered,
show simple twinning under polarised light ; a few are polysynthetic

and belong to oligoclase: the felspar phenocrysts are sometimes

-f
in. in diameter. The biotite is in thin dark brown hexagonal

plates, which have black " corrosion borders " but still preserve well

their original crystal outlines. In addition to the larger biotites,

small scales of the same mineral occur in the groundmass, together

with many elongated sanidine microliths arranged with their long
axes parallel in winding fluxion strains. These are surrounded by a
fine-grained turbid substance which was originally a finely crystalline

felspathic base, but is now partly replaced by kaolin and quartz.

A few crystals of zircon, iron oxides, apatite and ill-defined stains of

limonite are also present in the slides, but calcite is apparently
absent. The silica percentage of this rock has been determined by
Mr. Barrow as 63=3.*

Other specimens of biotite trachyte, in which the felspars can
still be identified were obtained in the south-east side of Castlelaw,

about 100 yds. north of Castle Knowe. The rock is very, similar to

* Sir A. Geikie, "The Ancient Volcanoes of Great Britain," vol, i. p. 279.
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that of Woodhouselee, containing porphyritic sanidine and biotite

in a fiuidal felspathic groundmass, but many minute irregular

patches of quartz are scattered through the section. Most of these

are secondary, and it does not seem likely that quartz was present

as an original ingredient. The tendency to silicification is more
marked in the trachytes than in the biotite and hornblende andesites.

The collection contains several other rocks from the same vicinity

(south face of Castlelaw) which may possibly belong to this group,

though their felspars are much decomposed and their groundmass
contains secondary quartz. They are all pale rocks which have been
porphyritic and highly felspathic, and have contained phenocrysts of

corroded biotite. Some of them may belong really to the rhyolites

and dacites, but none show porphyritic quartz, and the finely

granular quartz in their groundmass has probably been set free by
the decomposition of their felspars.

The Beaid Hills Eocks.

The purplish or lilac "claystones" of the Braid Hills (group/)
are among the most decomposed in the whole area, and it is only
after examining a large suite of sections both of them and of others

of similar type in the Pentland Hills that we are able to formulate
definite conclusions regarding their original nature. Sir Archibald
Geikie considers that they are for the most part fine volcanic

dust derived from the explosion of felsitic or orthophyric
lavas.* Bands of breccia do occur in several parts of the Braid
Hills, but the microscopic sections do not support the hypothesis
that the rocks are chiefly of this nature. Wherever they
are not entirely decomposed it is easy to make out in them the
remains of an originally crystalline structure, and though, on the
whole, the specimens are very like one another, yet it is possible to

trace belts of rock which maintain the same character along the
strike. Thus the rocks extending from the hotel to Liberton Tower
are different from those of the south part of the Braids golf course,

and these again are not exactly the same as those which form the
ridge of the Buckstone and Mortonhall golf course.

These claystones consist almost entirely of felspar and of its

decomposition products. The felspar rarely gives its characteristic

reaction to polarised light. It is very frequently replaced by kaolin,

muscovite and secondary quartz. Although the last-named mineral
is constantly present it is never very abundant, and there is less

silicification than in the majority of rhyolites and trachytes in the

Pentlands. Occasionally strings and veins of quartz may be detected

in the slides. Calcite is also not common, but some specimens (for

example, that of which an analysis is quoted by Sir Archd. Geikie f

)

contain it in fair amount.

Biotite is the only other important primary mineral. It is some-
times fresh but has always suffered from corrosion and has darkened
borders. Usually, however, it is entirely decomposed, and its nature
can only be assumed from the form of its pseudomorphs. Apatite,

often of the turbid pleochroic variety which is common in volcanic

* " Ancient Volcanoes of Great Britain," vol. i. p. 324,

t Op. eit. vol i. p. 278.
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toeks, zircon and iron oxides in numerous small grains are also

present in the slides. Very frequently the rocks of the Braid Hills

are porphyritic, the biotite forming thin irregular plates 1 millimetre in

diameter and the felspars being of varying size, but mostly small and
perfectly formed. Some of these rocks, however, show pseudomorphs
after crystals of felspar not less than 2 millimetres in diameter.

Only rarely and in the best preserved specimens can the nature of

the groundmass be inferred from the appearances in microscopic
section. It is sometimes of the " trachytic " type, fine-grained, fluidal,

with small felspar microliths and grains of iron oxide ; at other times
it has consisted of fairly large ("2 or "3 mm.) grains of felspar without
good crystalline form.

It is clear that these rocks belong either to the biotite trachytes

or biotite andesites. Their high percentage of felspar, the small
amount of ferromagnesian minerals, the scarcity of secondary quartz
and calcite, and the porphyritic and fluidal structure are all in

harmony with this suggestion.

Eocks practically identical in character with those of the Braids
and Mortonhall are found in Torduff Hill (group c).

Sir Archibald Geikie cites an analysis by Prof. E. Frankland of

the rock from the Braid Hills, but it seemed of sufficient importance
to have a typical specimen, as fresh as possible, from there and from
Mortonhall analysed in the laboratory of the Geological Survey by
Dr. Pollard. The three analyses are given below—

SiOa
TiOj
AI2O3
Fe^Os
PeO

. MnO
(Co,Ni)0 ..

CaO
BaO
MgO
K2O
NaaO
Li^O
H20105°C. .. \
H2O above 105° C.J
PA •• ..

S
CO2

(Hornstone),
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•24
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3-75
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-26
*

99-24

Trachyte
(decomposed),

Braid Hills Quarry.
Anal. W. Pollard.

65-82
•40

16-37
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tr. (?)
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03
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tr.
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21
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Trachyte (decom-
posed), Mortonhall.
Anal. W. Pollard.

63-02
-43

15-50

4-81

-13

10
tr.

2^67

nt. fd.

-62

3-96

4-46

tr.

1-00

1-49

-16

-03

1-82

100-20

These analyses confirm the inferences drawn from microscopic
examination of the rock. The silica percentage is by no means
abnormal for the trachytes, so that there is little probability that
the rock has been silicified. The alkalies are high, especially when
we remember that the type of decomposition, which the rock
exhibits, naniely kaolinisation, is characterised by a general diminu-

* This rook is stated to contain also 0"13 per cent. PeO and 2-42 per cent.
Sir A. Geikie, " Ancient Volcanoes of Great Britain," vol. i. p. 278.

C0„,
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tion of these constituents. The lime and magnesia are both very

low, especially in the rocks analysed by Dr. Pollard, while the high

percentage of water indicates a considerable amount of decomposition.

Ehyolitic and Felsitic Lavas.

Eocks belonging to this group occur on several horizons in the

Pentland Hills, one being that of the Howden Burn and Bell's Hill

(group c), while another extends from Caerketton through Castlelaw

to Walston (group e) near the south edge of the Sheet. They occur

also near Woodhouselee. They are recognised without difficulty in

the iield by their pale pink or reddish colour and their flinty appear-

ance. The best examples in the collection from the lower series are

fine-grained, non-porphyritic, flesh-coloured felsites from Capelaw
and the glen between Bell's Hill and Harbour Hill. The microscopic

sections show that some of these rocks consist of a fine slightly

granular turbid felsitic material, without trace of spherulitic or

iiuxion structures, and containing no porphyritic ingredients. Many
of the specimens from Capelaw show small lath-shaped felspars in

a fluidal groundmass. These rocks have undergone secondary silicifi-

cation but this is not sufficient to mask their original characters.

They have been and are still compact crypto-crystalline felsites and
rhyolites.

In the upper group (e) the banded and spotted pinkish felsite

which forms Caerketton Crags is well known. It is accompanied by
acid breccias and tuffs, and under the microscope shows considerable

silicification. In places, the slides consist of fine crypto-crystalline

felsitic material, but elsewhere this is replaced by a mosaic of rather

coarse secondary quartz in irregular grains, which are rendered

turbid by innumerable specks of iron ores and kaolin and the minute

cavities they contain. In the striped varieties the silicification is

often most pronounced along certain bands, and when the rocks are

spotted it is usual to find that the round spots consist entirely of a

secondary quartz mosaic. These spots (which are usually from ^ to

-jV in. in diameter) are the remains of spherulites which have been
replaced by silica. Traces of the original radiate structure persist.

They have been arranged in sinuous lines parallel to the fluxion.

The rock, when unaltered, was a spherulitic felsite probably with
bands of more or less vitreous character alternating with others

which were crypto-crystalline, but it may have been a true obsidian.

Here and there it contains small pseudomorphs after porphyritic

felspar, but no trace of quartz phenocrysts appears in the slides. No
pseudomorphs after biotite or other ferromagnesian mineral can now
be detected ; but grains of iron ore occur, many of them in the

centres of the spherulites.

The rhyolites and acid breccias of Caerketton can be followed

towards the south-west into Castlelaw, along the west face of which
they are well seen. Their general character is the same throughout,

and the secondary silicification is equally pronounced in both
localities. In their decomposed condition the possibility that dacites

and silicified trachytes occur among them cannot be excluded, and
this indeed seems highly probable. Many of the Castlelaw specimens
show a fine fluxion-banding, but none of the specimens collected are
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so rich in spherulites as those of Caerketton. Eemains of porphy-

ritic felspars, entirely replaced by kaolin and quartz, occur sparingly.

The matrix is partly a fine felsitic substance, partly a mosaic of

turbid secondary quartz grains. The original felspar both of matrix

and phenocrysts is usually represented only by the products of its

decomposition, but in some of the rocks small lath-shaped felspars of

a second generation are abundant. In certain slides they are mostly

acid plagioclase, in others there is a large proportion of sanidine.

In Braid Law (group c), near the southern extremity of the volcanic

series, the rock is a reddish yellow or salmon-coloured rhyolite with

marked fluxion-banding and occasional drawn out vesicles. It is one
of the best examples of the group in the Pentland Hills, as it contains

many cavities filled with clusters of quartz crystals and also

phenocrysts of decomposed sanidine felspar. Its matrix is a felsitic

or, in some places, microcrystalline quartzo-felspathic aggregate

which still preserves most of its original characters. No doubt it was
somewhat coarser-grained than the Caerketton and Castlelaw

felsites ; it is far less completely silicified, and was probably less

acid, as in many features it shows some resemblance to the trachytes.

A second generation of felspar was present in small prisms in the

groundmass, and some obscure pseudomorphs probably represent

original biotite.

Near Woodhouselee, along with the trachyte (group /) above
described, well-preserved and characteristic rhyolites occur. One of

these, from a quarry I mile W.S.W. of Woodhouselee House, has
been analysed by Dr. Pollard. The analysis is that of a typical

rhyolite, and as the felspars are in fairly good preservation, there is

no reason to suspect that the rock has been greatly silicified. It

contains porphyritic crystals of sanidine, oligoclase, and brownish
green biotite (the last without black corrosion borders) in a fluidal

matrix of small elongated laths of sanidine (and some acid

plagioclase) mixed with little irregular grains of quartz and fine,

red, dusty hematite. Patches of secondary chalcedonic silica and of

kaolin appear here and there, occupying what were probably irregular

cavities, but the rock was not highly vesicular. Secondary silica is

deposited also along the cleavage planes of the biotite. Magnetite,
zircon and apatite are the only accessory minerals. The matrix
gives the impression that it was in large measure crystalline, and
that there was originally little vitreous base. Although some of the
quartz may be secondary it seems unreasonable, in view of the
chemical composition of the rock, to place it among the
trachytes.

Rhyolite from quarry at edge of fir plantation J mile "W.S.W. of
Woodhouselee House. (Analysis by Dr. Pollard.)

SiOa
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There is also a number of rocks in the Pentland Hills closely

allied to the rhyolite of Woodhouselee, but very extensively siHcified

and their original nature is far from clear. Viewed in thin section,

in ordinary light they present the appearance of trachytes, as they

show the unmistakable outlines of felspar crystals, which formed
phenocrysts in a fine-grained reddish groundmass. (Plate IX. Fig. 1.)

Between crossed nicols, however, the felspars prove to be entirely

converted into feebly polarising aggregates of kaolin, while the whole
groundmass consists of irregular granules of quartz filled with kaolin,

hematite and other cloudy decomposition products. (Plate IX. Fig. 2.)

Obviously there has been decomposition accompanied by extensive

silicification. Although these rocks never show porphyritic quartz,

it seems advisable to regard them all as rhyolites, though it is an
open questionwhether some trachytes maynot be included among them.

Good examples of these rocks come from Camphill Quarry and
from Scald Law (group e). The top of South Black Hill (group e)

consists of a similar rock with porphyritic felspars entirely

kaolinised and many d^rk-rimmed pseudomo'rphs after corroded

biotite. The groundmass is felsitic and impregnated with secondary
silica.

Intkusive Acid Eooks—Miceogranites.

The laccolite of the Black Hill consists of a pale red microgranite,

the matrix of which is a microcrystalline aggregate of small irregular

grains of quartz and weathered felspar with scales of muscovite
which are probably partly secondary. In this lie small phenocrysts
of orthoclase, quartz and biotite, but these are far from numerous.
The most characteristic feature of this rock, however, is the presence
of many porphyritic crystals and crystal groups of very fine micro-
pegmatite. Many of these have the outlines of felspar and show
simple twinning. A few have the shapes of pyramidal quartz.

A full account of this rock has already appeared in the Transactions

of the Hdinburgh Geological Society*

In Cleugh Maid, between Bells Hill and Harbour Hill, a felsite

occurs which is so like that of the Black Hill in all essential respects
that it is probably also intrusive. It contains less porphyritic
quartz and felspar, but shows the characteristic mieropegmatite

* J. S. Flett, Tmna. Geol. Soc. Edin., 1899, vol. vii. p. 483.
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phenocrysts, and has a similar microgranitic matrix. It is quite

unlike the rhyolitic lavas above described.

There are also intrusive veins of fine red felsite (see Sir A. Geikie,
" Ancient Volcanoes of Great Britain," vol. i. p. 278, for analysis) in

Targeith Knowe and Shearie Knowe, both localities being not far west
from Swanston Cottage. j. s. F.



CHAPTER V.

UPPER OLD EED SANDSTONE.

Theke is no direct evidence of important differential movement
during the deposition of the conglomerate and volcanic rocks of the

Lower Old Eed Sandstone series of the Pentland Hills beyond the

general subsidence of the area during their accumulation.

In the great interval of time, however, between the close of the

Lower Old Eed Sandstone period and the deposition of the Upper
division of this system, crustal movements, resembling those which
brought the Silurian period to a close, supervened and developed an
anticlinal fold in the older rocks, traversed by a series of strike

faults. Subsequent denudation stripped the anticline to its very
core, and carved out the main features of the southern part of the

range. It is not surprising, therefore, that the various igneous rocks

of the district have suffered to such an extent from decomposition,

since they have twice formed portions of land surfaces. Wherever
the junction is clear the strata that immediately overlie the volcanic

rocks and sediments of Lower Old Eed Sandstone age belong to the

Upper Old Eed Sandstone. The unconformity between the two is

complete for, when the base of the younger series is followed round
the hills, it is found in contact with successive members of the older

rocks. At the Black Hill it rests upon the intrusive felsite as

well as upon the inlier of Upper Silurian rocks. The relation

between the conglomeratic beds of the upper part of the Upper Old
Eed Sandstone and the volcanic rocks, notably the lavas of Warklaw
Hill, shows that the escarpments of the latter had largely assumed
their present form at this early date, and the outlier which occurs

at the Bonally Eeservoir furnishes similar evidence. Owing to the

inequality of the surface upon which the deposits accumulated, their

thickness varies rapidly from point to point. They reach their

maximum development at the northern extremity of the arch of the
Pentland Hills in the southern suburbs of Edinburgh, and in the

Cairn Hills towards the southern edge of the map they must be
about 1000 ft. thick. In the intermediate region, however, only
a few feet of calcareous conglomerates and sandstone, belonging to

the highest portion of the series, intervene between the Lower Old
Eed volcanic rocks and the lowest members of the Cementstone
group at the base of the Carboniferous formation.

The main mass of the Upper Old Eed Sandstone is composed of

quartzose sandstones of a reddish colour, though frequently the tint

is very pale. They are often friable and are associated with reddish
and greenish sandy mudstones or marls. In the sediments tlrere

is usually more or less calcareous matter often in the form of con-
cretions, which frequently unite to form more or less continuous
bands of cornstone. Evidence of contemporaneous erosion is to be
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found especially in the Edinburgh district where the Craigmillar

sandstones are characterised by bands of conglomerate studded with

fragments of grey and white cornstone and with less conspicuous

galls of green and red clay and small lumps of sandstone. These

conglomerates usually contain fragments of the volcanic rocks of

the Pentland Hills, together with pebbles derived from the Lower
Old Ked Sandstone conglomerates, and various Silurian rocks of the

Southern Uplands, more especially the radiolarian cherts.

Neither on palasontological nor on lithological grounds lias it

been found possible to subdivide the series as developed in this

region. Only one zonal form (ffoloptychius nobilissimus), determined

by Dr. Traquair, has been obtained, and the occurrence of cornstones

throughout the group supports the view that the whole of the

rocks in the present area belong to the Dura Den zone, which, in

accordance with the researches of Dr. Traquair, is regarded as the

highest subdivision of the formation.

The Upper Old Eed Sandstone has shared in the folding of the

Carboniferous strata in this region : the axis of plication coinciding

with the anticlinal axis established at the close of Lower Old Eed
Sandstone time. As in the former case, the pitch of the anticlinal

fold in the Edinburgh district is to the north. Erosion has laid bare

a fringe of Upper Old Red Sandstone round the northern end of the

older rocks and along their western margin. Their absence on the

eastern side of the chain is due to the great fault that brings the

overlying Carboniferous strata into conjunction with the Lower Old
Red Sandstone.

A few traverses across the fringe will serve to illustrate the

development of the series in the present area.

Liberton to Craigmillar and Salisbury Craigs.—The junction of

the Upper Old Eed Sandstone with the older rocks to the west of

Liberton is everywhere concealed under superficial deposits. The
lower beds exposed by the roadside and in the fields to the north-

west of Liberton Church consist of conglomerate made up chiefly

of subangular debris mostly derived from the volcanic rocks of the

Pentland Hills. The village is underlain by a series of friable red

sandstones sometimes conglomeratic, with red marls and cornstones

which dip to the east of north at angles of about 20°. From this

point to Craigmillar the same direction of dip is generally maintained,

though the inclination varies and gradually becomes less. Friable

red sandstones are seen in the first few exposures as far as the

road that passes Little France. Eastwards the Craigmillar type of

sedimentation supervenes, the sandstones are lighter in colour and
harder and coarser in texture, constantly passing into conglomerate,

whose chief constituent is a fine-grained white or grey cornstone

resembling many of the cementstone bands of the Cementstone
division of the Calciferous Sandstone series. Fragments of vein

quartz, volcanic rocks of the Pentland Hills, radiolarian cherts, and
occasionally a few reddened derivative pebbles of quartzite also

occur. The pebbly beds in Craigmillar Quarry, which were referred

to the Carboniferous system during the first survey, yielded to

Mr. Tait some fragmentary fish remains, among which Dr. Traquair

observed a scale of Holoptychius nobilissimus, thus confirming

Mr. Goodchild's correlation of these strata with the Upper Old
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Eed Sandstone. The passage of the Craigmillar sandstone upwards
into the Carboniferous rocks is concealed beneath superficial de-

posits, but in the branch line to Eaeburn's Brewery, a little to the

east of the cross roads at Craigmillar, a dark coaly layer, intercalated

among yellow sandstones and bluish shales, yielded Carboniferous

plant remains, thus fixing the position of the boundary line between
the two formations within a few yards. A bore for water, put down
at Craigmillar, pierced the Upper Old Eed Sandstone rocks to a

depth of 1800 ft. without reaching the old floor. The number of

breweries at Craigmillar indicates the importance of this group
of rocks as a source of permanently hard water well adapted for

brewing purposes.

Sandstones, grits and fine conglomerates belonging to this group
underlie the intrusive sheet of dolerite in Salisbury Crags. In
previous editions of the Geological Survey map (32) they were
referred to the Calciferous Sandstone series, but the late Mr. J. G.

Goodchild* suggested that they are of Upper Old Eed Sandstone
age in virtue of the character of the sediments, and especially of

the cornstone associated with them. During the revision of Arthur's

Seat Dr. Peach detected in the grits exposed at the side of the

Queen's Drive minute fragments of fishes, which were regarded by
Dr. Traquair as portions of dendrodont teeth, though not specifically

determinable. Permission having been granted by H.M. Office of

Works in Scotland to charge the rock-exposure with dynamite, a

mass of material was set free, which, when broken up by Mr.
Macconochie and Mr. Tait, yielded conclusive fossil evidence.f

Among the fragments Dr. Traquair identified teeth and scales of

Holoptychius and a piece of a scale of Holoptychius nohilissimus.X

This discovery subsequently lead to the search for fish remains in

the Craigmillar sandstone already referred to, and in the grits at

Clubbiedean Eeservoir.

Blackford Hill to Craiglockhart Station.— In a small quarry
about 200 yds. to the east of Blackford Hill Station on the

Suburban Eailway, the local base of the Upper Old Eed Sandstone

was once well exposed, and may yet be seen resting on the Blackford
Hill andesite. The sandstone is red, friable and flaggy, with a few
pebbles of andesite, and dips gently towards the north-west. Between
Blackford Hill Station and a point to the west of Morningside Eoad
Station no solid rock is exposed along the suburban line, but
at several places a little to the north of the railway, fine red

conglomerate, sandstones and cornstones have been met with from
time to time during building operations. About half a mile to

the west of Morningside Eoad Station, where a dolerite intrusion

is shown on the map, a good section of the upper part of the

series is met with in the deep railway cutting which continues to

within a short distance of Craiglockhart Station. Here we find

an association of sandstones and conglomerates as in the upper
part of the series at Craigmillar, but in the present case the

sandstones are softer and redder, and are intercalated with a greater

' * " Some Eeoent Bxpoaures of Rook in Edinburgh," Trans. Edin. Oeol. Soc,
vol. viii. pp. 1-8.

t Peach and Home, " Base-Line of the Carboniferous System round Edinburgh,"
Brit. AsBoe. Sep. for 1904, p. 546.

i
" Summary of Progress," Mam. Geol. Sur. for 1904, pp. 89 and 123.
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proportion of marl, the latter frequently containing cornstone con-

cretions. The more argillaceous beds were evidently subjected to

desiccation at the time of their formation, and hence they are

traversed in many cases by a plexus of sand dykes which are in

continuity with overlyiug beds of sandstone. The evidence of

contemporaneous erosion is stiikingly shown at the base of more
than one of the conglomeratic bauds that transgress the underlying
finer beds, fragments of which are found embedded in the con-

glomerate. Fully 500 ft. of these strata, dipping steeply northwards,

are visible in this section, but their relation to the Carboniferous
rocks is obscured by the Colinton fault, which brings down highly
inclined dark shales and ironstones of Wardie and Granton type
into conjunction with the red sandstones. On both sides of this

fault there is evidence of dislocation by minor faults, and the
vertical downthrow, great though it be, does not represent all the

displacement, as many of the fault-faces indicate considerable

lateral movement.
Between Craiglockhart and Bonally there must be a rapid

thinning out of the group against the steep northern face of the

old land surface. Whether the Carboniferous strata actually rest

upon the Lower Old Eed volcanic rocks at Bonally as represented

on the map cannot be definitely ascertained, but about half a

mile to the south-west, between the Clubbiedean and the Torduff

Eeservoirs, where the exposures are clear, only a few feet of con-

glomerate and sandstone referable to the Upper Old Eed Sandstone
intervene between the volcanic rocks and the Carboniferous shales

and cementstones. Indeed the evidence obtained from the frag-

mentary fish remains collected by Mr. Tait from these grits is,

according to Dr. Traquair, not conclusive as to their age, although

they have been included in the Upper Old Eed Sandstone on
account of their resemblance to the Craigmillar sandstones which
have yielded fragments of Holoptychius.

Along the fringe of Upper Old Eed Sandstone, extending south-

westwards to Easter Bavelaw, conglomerates and sandstones are

seen at intervals, overlain by Lower Carboniferous strata. Still

farther to the south-west the group rapidly swells out to form the

East and West Cairn Hills and the Colzium Hill. Throughout this

area the conglomeratic nature of the deposit is not conspicuous.

Even at the base the conglomerate is only a few feet thick. An
interesting point is illustrated in the Logan Burn above Loganlee,

where the basement beds rest upon the coarse conglomerate
of Lower Old Eed Sandstone age already described. The dis-

cordance between the two is clearly marked, and the few pebbles

found in the upper beds, are manifestly derived from the older

conglomerates. In many cases they have been broken and partially

rounded a second time before they were embedded in the sandy
matrix. A band of cornstone lying near the base of the sandstone

was formerly worked for lime not far to the west of Bavelaw Castle.

Traces of this band also occur in the Logan Burn, and, still farther

to the south-west, what appears to be the same band has evidently

been worked near the southern base of the West Cairn Hill in

the Eavendean and the Baddingsgill Burn as recorded by Maclaren.*
* " Geology of-Fife and the Lothiaus," 2nd ed., 1866, p. 233. '
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Most of the sandstones that form the Cairn Hills are pale in

colour, especially where weathered. Their upper limit is defined

by the overlying variegated clays and cementstones of Ballagan

type exposed in the Dean and Baad Park Burns, tributaries of the

Water of Leith. Beyond these streams the boundary line is con-

jectural, owing partly to the absence of the cornstone and partly

to the covering of superficial deposits.

Sandstones apparently belonging to this group occupy a small

area at Selms, about a mile to the south of Mid-Caldor. They have
long been knovm by a cornstone that has been extensively worked
at that locality. It is a grey concretionary limestone in three

layers, separated by bands of hard reddish sandstone with courses

of calcareous marls, and is overlain by white sandstone that has
been quarried along the slope to the east of Selms. Though no
fossil evidence has been obtained from these sandstones, yet their

general similarity to the Upper Old Eed Sandstone of the Cairn
Hills, and the fact that they are succeeded by shales and cement-^

stones of Ballagan type, tend to support this correlation.*

Conditions of Deposition.—The irregular surface upon which the

Upper Old Eed Sandstone of this area was laid down has already

been referred to, a feature common to a much wider region. It

is probable that the sediment was derived from the north, for the

great amount of silica and often of felspar in the grits, and the

presence of mica in the finer-grained beds, point to a metamorphic
area invaded by plutonic masses as their source. It seems certain

that the rocks were deposited in water on an area undergoing
subsidence, but the complete absence of the remains of ordinary

marine forms of life, together with the evidence of desiccation and
contemporaneous erosion on so many different horizons, tend to

support the theory that these deposits are the products of inland

seas. The cornstones, which were evidently of the nature of

chemical precipitates, also favour this view, pointing, as they appear
to do, to frequent concentration of the water in which the deposits

accumulated. During the periods of desiccation, winds may have
played a direct part in arranging some portions of the deposit.

B. N. P.

* There is a small deTelopment of the highest beds of the Upper Old Red Sand-
stone below the Castle Esplanade on the slope facing Johnstone Terrace, which is

referred to on p. 56 of this memoir.



CHAPTEE VI.

THE CARBONIFEROUS SYSTEM.

HiSTOKY OF Investigation.

Before the detailed mapping of the Carboniferous Rooks of Mid-
Lothian and West Lothian was first undertaken by the Geological

Survey in 1857, important contributions had been made to our

knowledge of the main divisions of the system and their general

arrangement.

Towards the beginning of last century, Mr. E. Bald, an engineer,

produced a valuable series of papers relating to this branch of inquiry,

many of which were published in the Transactions of the Wernerian
Natural History Society. In 1819 he published a horizontal section

across the Mid-Lothian coal-field, and showed the correct form of the

basin much as it is known to-day, and also the two great groups of

coals with the barren band of sandstones (Millstone Grit) between
them. The lower group was termed by him the Edge Coals on
account of their high inclination on the west side of the basin, and
the upper group the Flat Coals (now known as the Coal Measures)

because they lie at gentle angles near the centre of the syncline.*

He erroneously inferred, however, together with Maclaren, who
followed him, that the Flat Coals and intervening strata had been
deposited after the Edge Coals had been raised to their present

inclined position.

In 1836 a classic paper appeared in the Transactions of the Royal
Society of Edinburgh, f by Dr. Hibbert, on the limestone of Burdie-

house—one of the important stratigraphical horizons in the lowest

division of the system. He furnished a horizontal section showing
that this band underlies the true marine limestones of the Lower
Limestone group, and a vertical table illustrating the sequence of the

Loanhead coals (Edge Coals). He called attention to the absence of

undoubted marine remains in the Burdiehouse limestone, and to the

occurrence in it of plants, entomostraca and fish remains, chiefly of

palaeoniseid fishes, from which he inferred that the limestone was
of fresh-water origin.

In his volume on the " Geology of Fife and the Lothians," |

published in 1839, Maclaren advanced a classification of the Car-

boniferous rocks of the Lower Basin of the Forth, in which he intro-

duced the term " Calciferous Sandstones," which is now restricted

to the lowest division of the system. As originally used by that

investigator, the term comprised not merely the strata of this division,

* " Additional Observations on the Coal-Field of Clackmannanshire and Description

of the Absolute Shape or Form of the Coal-Fields in Great Britain," Mem. Wernerian
Nat. Hist. Soc, vol. iii. p. 123.

t Trans. Boy. Soc. Edin., vol. xiii. p. 169.

t
" Geology of Fife and the Lothians," 1839, p. 72.
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but also part of the overlying Lower Limestone group and part of

the underlying Upper Old Eed Sandstone.

In 1840 an important advance was made by the publication of a

memoir on "The Mid-Lothian and East Lothian Coal-Fields," * by
D. Milne (Dr. Milne Home), which contained a series of horizontal

sections, tables of verbical sections taken from mines and bore-

journals, together witli a map showing the outcrops of the main coal

seams, limestones and faults. He corrected the erroneous inference

of Bald and Maclaren by pointing out that there is a normal sequence
from the Edge Coals to the Flat Coals in the centre of the basin.

On the other hand, he erred ' in correlating the coal-bearing strata of

the Mid-Lothian and East Lothian basins with the Carboniferous

rocks in the valley of the Tweed, thereby placing them far below
the Coal Measures of Newcastle, even below the Scar Limestones of

the north of England.
In 1859 the first edition of Sheet 32 was published by the

Geological Survey, which was followed in 1861 by a memoir on
" The Geology of the Neighbourhood of Edinburgh," the work having
been done by H. H. Howell and A. Geikie. The distribution of the

various subdivisions of the system, the outcrops of the important
coal seams and limestones, together with the direction and down-
throw of the faults, are represented on the map and described in the

memoir. In his description of the Mid-Lothian basin Mr. Howell
correlated for the first time the Coal Measures in the centre of the

syncline with the Coal Measures of Newcastle and Durham, and
the thick sandstones of Eoslin and Hawthornden with the Millstone

Grit of England.-j- This correlation was confirmed by the palaeonto-

logical evidence presented in the Appendix | by Mr. Salter. In
view of the subsequent classification of the Carboniferous rocks on
the basis of the plants found in them, the remarks of that sagacious

palaeontologist regarding the Carboniferous plants from the Edinburgh
district are significant. He observed that, " as a rule (not without
exceptions), few species of plants pass from the Coal-beds beneath
the Mountain Limestone into those above them. The subject has

yet to be more fully worked out for Britain ; but on the Continent

the Lower and Upper Coal-bearing measures are well distinguished

by their fossils." §
Another noteworthy feature of this memoir is the classification

of the contemporaneous and intrusive igneous rocks of Carboniferous

age presented by Sir A. Geikie ||—a subject which, in 1859, had
already engaged his attention in his attempt to arrange the igneous

rocks of Scotland in chronological order.lT At a later date (1879) he
published a valuable monograph on the " Carboniferous Volcanic

Eocks of the Basin of the Firth of Forth," in which he directed

special attention to their microscopic characters.**

A further contribution to our knowledge of the development of

* Trans. Boy. Soc. Edin., vol. xiv. p. 253. This paper, with an important
supplement, was subsequently issued separately.

t
" The Geology of the Neighbourhood of Edinburgh," 1861, pp. 103-105.

t Op. cit. pp. 144-151.

I Op. cit. p. 144.

II
Op. cit. pp. 17-29, 47-62, 111-120.

f Eep. Brit. Assoc. {Aberdeen, 1859), p. 106.
** Trans. Soy. Soc. Edin., vol. xxix. p. 437,
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coal in the lower basin of the Forth was made in 1864 by Mr.
Landale, the mining engineer, in his " Description of the Large Coal-

Field under the Firth of Forth."* He referred to the evidence in

proof of the continuity of the Fife and Lothian coal-fields, and
indicated on a chart of the Firth of Forth the probable lines of out-

crop of the Carboniferous Limestone and the supposed extent of

coal-field. He inferred that " these assumed lines give us an area

of 140 square miles of coal-field from shore to shore of the Firth,

containing an average of 130 ft. thick of coal nearly entire, except

the few small workings along the shore already enumerated." f
In 1875 Prof. Judd gave his interpretation of the volcanic history

of Arthur's Seat. Instead of referring the extrusive materials to

two distinct periods of eruption, as originally suggested by Maclaren
and supported by Edward Forbes and Sir A. Geikie, he contended
that they mark successive stages in the evolution of one volcano
during the Calciferous Sandstone period.f In the sequel it will be
shown that this view has been confirmed by the Geological Survey
during the revision of Arthur's Seat.

In the same year Mr. John Henderson communicated to the

Edinburgh Geological Society a paper " On the Wardie and Granton
Series of Sandstones and Shales," in which he advanced evidence to

prove that the sandstones of Granton and Craigleith underlie the

Wardie shales. He also announced the discovery of marine fossils

at Woodhall, Drumsheugh, Craigleith and Granton near the base
of the "Wardie shales. §

In 1877 Mr. R Etheridge, Jun., then palaeontologist on the

Scottish staff of the Geological Survey, embodied the results of a

systematic study of the invertebrate fauna of the Calciferous Sand-
stone series of the Edinburgh neighbourhood in a paper which he
contributed to the Geological Society of London. The author gave
an outline of this branch of inquiry up to that date, furnished

descriptions and figures of numerous species from Mr. Henderson's
collection, appended remarks on the first appearance of many of

these fossils, and indicated the occurrence of three or four marine
beds in the Calciferous Sandstone in addition to that mentioned by
Salter at Clubbiedean. In relation to the first appearance of species

he showed the occurrence, low-down in the Calciferous Sandstone
series, of fossils, which afterwards attain their greatest development
in, and become characteristic of the Carboniferous Limestone series.

||

When the oil-shale areas of Mid and West Lothian were first

mapped by Sir Archibald Geikie on behalf of the Geological Survey
in 1857, not one of the existing oil-shale fields in the Calciferous

Sandstone series was as yet being worked. The subsequent develop-
ment of these fields necessitated a re-survey of those shale-bearing
areas, which was successfully accomplished between 1884 and 1887
by Mr. H. M. Cadell, when attached to the staff of the Geological
Survey. The results of that re-survey were embodied in a second
edition of Sheet 32, issued in 1892.

In 1885 Mr. Cadell communicated a brief description of the

* Trans. Roy. Soc. of Arts, vol. vi. p. 341.

t Op. cit, p. 35a

i Quart. Jour. Oeol. Soc., 1876, vol. xxxi. p. 131.

§ Trans. Edin. Oeol. Soc, vol. iii. p. 24.

II
Quart. Jour. Oeol. Soc, 1878, ^vol. xxxiv. p. 1.
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results of his re-examination of the shale-fields to the meeting of the

British Association at Aberdeen in a paper entitled " Eecent Advances

in West Lothian Geology." * He indicated the position of the various

oil-shales then proved in the course of the mining operations, and

furnished estimates of the thickness of the subdivisions of the

Calciferous Sandstone series. Again, in 1901, he published a detailed

account of the geological structure of the various shale-fields in the

Lothians and in Fife, illustrated by horizontal sections, in the

Transactions of the Institute of Mining Engineers^ and also in the

Transactions of the Edinburgh Geological Society. % Subsequently

in 1906, a detailed description of the geology of the oil-shale fields of

the Lothians was completed by Mr. Wilson with the assistance of

Mr. Cadell and published by the Geological Survey as Part I. of an

economic memoir dealiag with the oil-shale industry of Scotland.

Eeference must be made to the special opportunities enjoyed by
Mr. Goodchild, during his long residence in Edinburgh when in

charge of the Geological Survey collections in the Industrial

Museum, of examining temporary exposures of rock sections and

the cores of bores put down for water supply within the city. The
valuable information thus acquired was generously placed at the

disposal of the Survey before the revision of Sheet 32 was undertaken

in 1902. Part of the evidence obtained by him is set forth in two
papers communicated to the Edinburgh Geological Society. § One
of the important features of these observations was the definite

stratigraphical horizon assigned to the Abbeyhill shales at the top of

the volcanic rocks of Arthur's Seat and to the grouping of these

shales with the Ballagan beds (the Cementstone group) of the west

of Scotland.

In his address to the Eoyal Physical Society, Edinburgh, m 1893,||

Dr. Kidston summarised the results of his detailed researches on the

flora of the Carboniferous rocks, and gave a table showing the

vertical distribution of Carboniferous plants. On this basis he

arranged the strata in two divisions—(1) lower, comprising the

Calciferous Sandstone and Carboniferous Limestone series
; (2) upper,

including Millstone Grit and Coal Measures. He mentioned that

the plants in the Millstone Grit are all specifically distinct from

those which preceded them, and that we here meet with a new flora

—a flora having a fades of its own, whose general characteristics

are common to the plants of the succeeding Coal Measures.

A similar classification of the Carboniferous Eocks of Scotland

was reached independently by Dr. Traquair from his prolonged study

of the fossil fishes obtained from them. On various occasions he

drew attention to the fact that different assemblages of estuarine

fishes characterise the two great divisions of the Carboniferous

system IT as defined by Dr. Kidston. In his great memoir "On
* Eep. of Brit. Assoc, 1885, Trans, of Sections, p. 1037.

t
" The Oil-Shale Fields of the Lothians," Trans. Inst. Min. Eng., 1901.

% " The Geology of the Oil-Shale Fields of the Lothians," TraTis. Edin. Oeol. Soc,
vol. viii. pt. i. p. 116.

§
" Notes on a Bore-hole through the Eooks of the Calton HiU," Trans. Edin.

Oeol. Soc, vol. vii. p. 259. " Some Recent Exposures of Kock in Edinburgh," op.

cit. vol. viii. p. 2.

II
Proc. Soy. Phys. Soc. Edin., 1892-94, vol. xii. p. 183.

t Proc. Soy. Soc. Edin., 1889-90, vol. xvii. pp. 386, 387 ; also Qeol. Mag., 1884 (3),

vol. i. p. 121.



History of Investigation, 51

the Distribution of Foseil Fish Eemains in the Carboniferous Eocks
of the Edinburgh District," pubUshed in 1903,* he furnished a list of

the fishes from nearly all the subdivisions of this formation together

with a table showing their vertical distribution. The leading facts

are thus summarised by him

—

"We have in the estuarine beds of the Lower Carboniferous

series of the central valley of Scotland a fish fauna of which many of

the species persist through thousands of feet of strata, and must
therefore have lived for a very long time without change in their

specific characters. Then, after the Millstone Grit, poor in fish

remains, is passed, we come to a new fauna, from which nearly all the

Lower Carboniferous species, and with them also a number of genera,

have disappeared, their place being taken by an Upper Carboniferous

assemblage, which in its main features is characteristic not only of the

CoalMeasures of Scotland,butof theLower andMiddleCoal Measuresof
England, extending also into the Transition series of the latter country.

"Why this sweeping change took place about the time of the

Millstone Grit we do not know ; neither can we as yet explain the

peculiar fish fauna of the Lower Carboniferous estuarine beds of the

south of Scotland. It remains to be seen whether future investiga-

tion, for which there is abundance of room, will throw light upon
those questions concerning which we are so much in the dark."

In 1898 Mr. Gunn, who mapped a large part of the eastern area

of Northumberland on behalf of the Geological Survey, contributed

an important paper to the Geological Society of Edinburgh on the

Correlation of the Lower Carboniferous Eocks of England and
Scotland.f He endeavoured to show that the Lower Limestone
group about Dunbar and round the Mid-Lothian coal-field does not

represent any part of the Great Scar Limestone of Yorkshire, but is

the equivalent of the upper part of the Yoredale series of Phillips,

while the Edge Coals and Upper Limestones of Mid-Lothian
represent a series of beds, which in Yorkshire and Northumberland
lie above the true Yoredale series of Phillips, and which were
included by him in the Millstone Grit. From this correlation Mr.
Gunn contended that the lower part of Phillips' Yoredale series,

together with the Scar or Mountain Limestone of Yorkshire, is

represented in Scotland by the Calciferous Sandstone series. This

paper is illustrated by four vertical sections showing the sequence of

strata below the Millstone Grit at Ingleborough, in Wensleydale,
North Northumberland and in Scotland.

The correlation advocated by Mr. Gunn was not accepted by Dr.
Wheelton Hind.J who, in a paper communicated to the Edinburgh
Geological Society at the same meeting, maintained that the fauna
of the Carboniferous Limestone and the Yoredale series of the

Wensleydale area are identical, and that this fauna is largely that of

the upper and lower divisions of the Carboniferous Limestone series

of Scotland, the essential differences being due to the fact that the

Scottish beds were laid down nearer land, and hence the fauna has a

larger number of sublittoral forms than obtains farther south. Ho
held that the Yoredale series is only a local phase of the Carboniferous

* Trans. Roy. Soc. Edin., vol. xl. p. 687.

t Trans. Edin. Oeol. Soc, vol. vii. p. 361.

X Ibid, p, 332.
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Limestone, and that the Carboniferous
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tween the Upper and Lower Carboniferous Eocks. He found certain

fossiliferous bands in the basal portion of the Millstone G-rit, in Mid-
Lothian, Lanarkshire and Stirlingshire, charged with lamellibranchs,

brachiopods, and other marine organisms, which are associated with

Lower Carboniferous species of plants. When this collection was
submitted to Dr. Wheelton Hind for examination, he found a lamelli-

branch fauna, of which quite 50 per cent, of the species were new to

Europe, but which resembled very closely the lamellibranch fauna of

the Coal Measures of Nebraska and Illinois of North America.*

In this historical account of the more important contributions to

our knowledge of the Carboniferous strata and associated igneous

rocks of the area under description, reference must be made to the

researches of Dr. falconer on " The Igneous Geology of the Bathgate
and Linlithgow Hills." f His results relating to the sequence and dis-

tribution of the igneous rocks may thus be briefly summarised: (1)

the lavas of the Bathgate Hills are olivine-bearing from base to

summit of the series, and are pierced by a few contemporaneous
intrusions of similar material

; (2) the Bo'ness lavas form a group
entirely distinct from the lava-zones of the Bathgate Hills

; (3) the

volcanic zones are crossed by a later connected series of dykes and
sills probably of Palaeozoic age. The detailed results of the

microscopical and chemical analysis of the rocks were set forth in a

subsequent paper published in 1906.| The distinctive feature of

these researches was the separation of the intrusive igneous rocks

into two distinct groups according to age, a classification which was
reached independently by the Geological Survey during the revision

of the area, before the publication of his researches.

At a later date E. Campbell and A. G. Stenhouse described a

striking example of an east and west quartz-dolerite dyke cutting the

well-known sill of picrite in the island of Inchcolm.§

In the accompanying vertical section (Fig. 2) the various sub-

divisions of the Carboniferous system in Mid-Lothian and West
Lothian are represented in descending order. It further shows the

new division line which has been drawn by the Geological Survey at

the base of the Granton Sandstone between the Oil-shale group and
the Cementstone group of the Calciferous Sandstone series.

J. H., c. T. c.

* " On the Lamellibranch and Gasteropod Fauna found in the Millstone Grit of
Scotland," Trans. Boy. Soc. Edin., vol. xlvi. p. 331.

t Trans. Roy. Soc. Edin., 1905, vol. xli. p. 359.

t Ibid., 1906, vol. xlv. p. 134.

§ Trans. Edin. Oeol. 8oc., 1908, vol. ix. pt. ii. p. 121.



CHAPTER VII.

CALCIFEROUS SANDSTONE SERIES OF THE
EDINBURGH, GRANTON AND COLINTON DISTRICT.

This district comprises the city of Edinburgh and Leith, and the

tract of country extending westwards along the shore of the Firth

of Forth to the mouth of the river Almond, and southwards to the

village of Currie on the Water of Leith. It presents a sequence of

strata from the base of the Cementstone group to the top of the

Hailes sandstone (Fig. 2) together with the important series of volcanic

rocks of Arthur's Seat, Calton Hill and Craiglockhart.

The discovery of fish remains of Upper Old Eed Sandstone age

in the sandstones of Craigmillar and beneath Salisbury Craigs, to

which reference has already been made, necessitated the adoption of

a new base line for the Carboniferous system in the Edinbiirgh

district. The boundary line has now been drawn where the Ballagan

type of the Cementstone group first appears at the top of the red

and grey sandstones with cornstones.

Cementstone Group.

The sediments belonging to this group form an important
feature in the geology of Edinburgh. The evidence shows that they
underlie and are interstratified with the volcanic series of Arthur's

Seat and that they follow in normal sequence the lavas and tuffs of

Calton Hill. Hence the extrusion of these igneous materials is

merely an episode in the history of the Cementstones of Ballagan

type as first pointed out by Mr. Goodchild.* They occupy an
irregular area in the Old Town between the Castle Eock and Holyrood
on the north, and Newington and the Meadows on the south. They
are truncated on the north by the Calton fault that runs east and
west along the valley of the North British railway, and on the west
by the Colinton fault, which traverses the western flanks of Warklaw
Hill, Craiglockhart ridge, the Castle Eock and Calton Hill. From
time to time they have been laid bare in numerous excavations, in

which the strata were found to consist of grey, green, and red mud-
stones and shales, with cementstone bands, occasional sandstones,

and rarely thin dark carbonaceous seams with fossils.

Within this area the strata are arranged in the form of an arch,

whose axis runs from the western end of the Meadows towards the
Castle Eock. As this anticline is truncated on the west by the
Colinton fault just referred to, the complete sequence can be traced
only on the eastern limb of the fold, and especially between the Castle
Eock and Arthur's Seat (Fig. 3).

* Trans. Edin. Oeol. Soe., vol. vii. p. 263.
64
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Below the Castle Esplanade, on the slope facing Johnstone

Terrace, the highest members of the Upper Old Eed Sandstone, con-

sisting of variegated sandstones, with fragments of cornstone, and red

and green marls, are exposed. No organic remains have been fotmd

in these sandstones. This correlation is based solely on their litho-

logical resemblance to the sandstones beneath Salisbury Craigs and
at Craigmillar, which, as already indicated, have yielded fish remains

characteristic of this formation. These sediments pass beneath the

basal beds of the Cementstone group, which, along the High Street,

have a general dip towards the E.N.E., at angles varying from
10° to 15°. Thin basaltic tuffs (EZd^, Fig. 3) and a basaltic lava of

Dunsapie type (yBd^, Fig. 3) have been recorded near the head of

Jeffrey Street, where they are interstratified with the cementstones.

Perhaps the most notable section in this part of the Old Town
was that exposed in the course of the excavations for the new offices

of The Scotsman newspaper, where upwards of 120 ft. of strata were
laid bare.* Special interest attaches to this section from the oc-

currence in it of a band of dark carbonaceous shale, which yielded

plants, ostracods and fish remains. The recognisable fragments of

plants, determined by Dr. Kidston, comprise Adiantites lindsceformis

(now known as Bachopteris inequilatera), Stigmaria and various fern

stems. The worms are represented by Spirorhis carhonarius and
S. helicteres, still attached to some of the plant remains. The ostracods,

named byMr.Kirkby, include Zeperditia subrecta,Z.okeni,L.wrightiana

(?), Kirkhya spiralis (abundant), Argillcecia cequalis, Aglaia cypridini-

formis (?), Bythocypris suhlunata (?). The higher Crustacea are

represented by the portion of a carapace of Tealliocaris [Anthra-
palcemon], while fragments of scorpion skin show the presence of

Arachnids. The fishes, determined by Dr. Traquair, are represented

by scales of Ehizodiis and of a palseoniscid fish.f

In a brief descriptive note on the Ostracoda from this section,

Mr. Kirkby remarks that all the ostracods are marine forms, with
occasional estuarine habits in the case of some of them. Judging
from their vertical distribution in other districts than Mid-Lothian,

he suggests that the position of the strata in which they occur is in

the lower half of the Cementstone group of the Calciferous Sandstone,

and probably on the horizon of the Randerstone or Billow Ness beds.|

At the base of the steep declivity beneath Salisbiiry Craigs, the

cementstones are abruptly truncated by a fault with a downthrow
to the west, which brings them in contact with the Upper Old Eed
Sandstone (Fig. 3). Beyond the dolerite sill of Salisbury Craigs

(Plate III.), which seems to have been intruded along or near the

boundary line between the Upper Old Red and Carboniferous forma-
tions, the shales, cementstones and sandstones of Ballagan type again

appear and occupy the hollow known as the Hunter's Bog (Fig. 3

and Map at end of volume). In the Camstone Quarry, near the base

of the series, some beds of cementstone are charged with Estheria

peachi, a small bivalve phyllopod crustacean, which has been found
by Mr. Macconochie in the Cementstone group of East Lothian in

association with well-known Carboniferous forms.

* Trans. Edin. Oeol. 8oc., vol. viii. p. 6.

t
" Summary of Progress," Mem. Geol. Sur. for 1898, p. 131.

j Trans. Edin. Oeol. 8oe., vol. viii. p. 16.
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The total thickness of strata belonging to the lower portion of the

Cementstone group in the Hunter's "Bog is about 600 ft. Above
this horizon the deposition of sediment was interrupted by the

extrusion of the volcanic succession of Arthur's Seat which now falls

to be described. b. n. p., J. h.

VOLCANIC EOCKS OF ARTHUR S SEAT.

After a long period of quiescence volcanic energy again manifested

itself, early in Carboniferous time, in the Edinburgh region

where at least two important volcanoes, namely, those of Arthur's

Seat and Corston Hill, for a time discharged lavas and tuffs upon the

floor of the lagoon on which the sediments of the Cementstone group
were laid down. From time to time subsidiary orifices were opened,

such as that which must have supplied the Craiglockhart ashes and
lava, while possibly another is represented by the Castle Eock of

Edinburgh. A general characteristic of these early eruptions of the

Calciferous Sandstone period in Mid-Lothian and other parts of Scot-

land is the wide distrilDution of extremely porphyritic basaltic lavas,

usually in association with others of the mugearite type.

In Arthur's Seat, at least two separate vents are to be found, the

larger of which is of a composite character, showing a slight displace-

ment of the focus of eruption during the life of the volcano. Perhaps
the most interesting feature in the history of this volcano is the

evidence of the gradual infilling of the central crater by ashes and
lavas, while the intercalation of sediment at various horizons clearly

shows that the waters of the lagoon from time to time gained access

to the crater. Another feature is the intermittent recurrence of the

same type of igneous products ; thus the Long Eow, representing

the earliest volcanic extrusion of the hill, is of the same type as the

basalt of the Lion's Haunch, which is the youngest product of the

volcano th^t has been preserved. Intermediate in age between these

two, lies a varied series of agglomerates and lavas, belonging to at

least three distinct types.

The geological structure of Arthur's Seat has long been a

fascinating subject of inquiry among geologists. In 1839 Maclaren
published the results of his detailed examination of the rocks of the

hill,* which showed his comprehensive grasp of the volcanic history

of this area and laid the foundation of all subsequent research regard-

ing it. Many of his conclusions have been confirmed by later

investigators : one, however, has been disputed, namely, that the

volcanic materials belong to two distinct periods of eruption, separated

by a vast interval of time. In proof of the latter view he maintained,

that the mass of agglomerate which forms the central portion of the

hill is merely a cake resting unconformably on an irregular land

surface carved out of the older lavas. He regarded the basalt of the

Lion's Head as a plug filling up the vent which supplied the later

agglomerate. In short, he believed that between the two periods of

igneous activity an interval of time elapsed during which the older

volcanic series and associated sediments had been folded and subjected

to prolonged denudation. In the second edition of his work, published
* " Sketch of the Geology of Fife and the Lothiana," 1839, 1st ed. pp. 1-49.
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in 1866, Maclaren stated in a note that he had abandoned the view
of two periods of eruption.^

Arthur's Seat was first mapped on behalf of the Geological

Survey by Sir Archibald Geikie, who confirmed Maclaren's observa-

tions and accepted his original interpretation. Following a sug-

gestion made by Edward Forbes he considered that the unconform-
able newer group might be of Tertiary age,* but at a later date he
regarded them as more probably connected with the volcanic rocks

associated with the sandstones of Permian age in Ayrshire and
Dumfriesshire.f His detailed mapping of the Edinburgh district

led to the conclusion that the volcanic series of Calton Hill is merely
a faulted portion of the Whinny Hill sequence, and therefore in-

cluded in the basement portion of the Calciferous Sandstone series.

In 1875 Professor Judd published an important paper bearing

on the structure of Arthur's Seat, wherein he advocated the theory

that the central agglomerates and their associated igneous rocks

were contained within a vent from which the bedded lavas and
ashes had been erupted. %

The evidence obtained during the recent revision of Arthur's

Seat by the Geological Survey has confirmed Professor Judd's

contention and at the same time has shown the accuracy of much
of the detailed work of Maclaren and Sir A. Geikie.

The Volcanic Succession outside the Vents.—On the declivity east

of Hunter's Bog, the cementstones pass underneath the lowest of

the contemporaneous volcanic rocks of the hill, which is represented

by the basalt lava of the Long Eow (I in Fig. 3 and in Map). It

not only caps the ridge between the Hunter's Bog and the Dry
Dam and is continued to the north of St. Anthony's fault in the

crag of Haggis Knowe, but it also appears to the south of the neck,

where it gives rise to the escarpment of the Loch Craig, as was
recognised at a very early date by Ami Bou^ § (see Map at end of

volume). Consisting of dark porphyritic basalt of the Dunsapie
(Lion's Haunch) type, but with less conspicuous phenocrysts than
the typical rocks, it is slaggy towards the top and bottom, but
markedly columnar in its central portion. The manner in which
the overlying fine ashy sediments descend into the irregularities of

the slaggy upper surface of the basalt seems to demonstrate that

it is a true lava flow. This feature may be conveniently studied in

the road section in the Queen's Drive above the Loch Craig. In
places the ashes that fill up the fissured and uneven surface of the

basalt are slightly indurated, thus indicating that the lava must have
retained a considerable amount of residual heat when the tuffs were
deposited.

The basalt of the Long Eow is followed to the east of the Dry
Dam by about 100 ft. of strata, consisting chiefly of well-bedded

basic tuff with numerous sedimentary intercalations, mostly calcareous.

Near St. Anthony's Well two calcareous bands are specially con-

spicuous, one near the base and the other near the top of the tuff

(L, Fig. 3). The lower one, exposed beside the small reservoir that

1 " Sketch of the Geology of Fife and the Lothians," 1866, 2nd ed. p. 47.
* " Geology of the Neighbourhood of Edinburgh," Mem. Geol. 8ur., 1861, p. 123.

t
" Ancient Volcanoes of Great Britain," vol. ii. p. 68.

J Quart. Jour. Cteol. 8oe., voL xxxi. p. 131.

§ Esaai geologique awr I'Ecosee (Paris, 1820), p. 196.
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supplies the well, is about three feet thick, and is siliceous, and con-

cretionary. It is associated with dark sandy shale full of plant

remains. From these beds the late Mr. David Grieve obtained the

fossils mentioned by Dr. Traquair.* Plant remains are also found
in the ashy beds overlying the limestone. In the path leading up
to St. Anthony's Chapel concretionary white limestones occur inter-

bedded with the ash, and these are traversed by rootlets of plants

which must have grown in situ. The band of limestone near the

top of the tuff is to be seen a little farther up the bill slope, and
also contains roots or stems of plants in which the structure is

preserved. The highest beds visible in this section consist of grey

flaggy calcareous sandstone with an occasional admixture of ashy
material.

South of the vents this group of ashes is exposed above the Loch
Craig, where the Long Eow basalt crosses the Queen's Drive. Here
they consist of fine-grained reddish tuff and ashy sandstones. After

a space concealed by turf, which must represent nearly 100 ft. of

similar strata as shown by their debris, a white limestone like that

seen at St. Anthony's Well protrudes through the turf and dips

steeply towards the east (see Map). A similar section is exposed
eastwards from the foot of the Loch Craig on the Duddingston Eoad,
where the ashy sandstones contain concretionary calcareous nodules.

Up to this point the sequence found on both sides of the vents is

in very close agreement, but above this horizon there is a marked
variation. In order that this variation may be clearly realised, the

succession, occurring to the north and south of the vents, is presented
below in descending order

—

whinny hill sbqubnob
(north of the vents).

No. XX lava. A basalt of Markle type.

Nos. XVI-XIX lavas. The Parson's

Green group of Mugearites with thin

ashes.

Nos. VII-XV lavas. Basalt flows of

Markle type with thin ashes.

Nos. III-VI lavas. Basalt flows of

Craiglockhart type, but rarely con-

spicuously porphyritic.

Upper Ash of Dry Dam containing no
fragments of Markle type.

No. II lava. Craiglockhart type, but
not conspicuously porphyritic.

Lower Ash of Dry Dam containing no
fragments of Markle type.

No. I lava. The Long Eow basalt of

Dunsapie type.

duddingston sequence
(south op the vents).

The upper ash or agglomerate of

Duddingston containing abundant
blocks of Markle type. Two basalt

flows of Markle type also occur here,

well up in the agglomerate, and the
latter passes under a group of lavas

(Marlde basalt and a mugearite)
exposed on the slopes of Dunsapie.
The mugearite flow, the highest rock
visible, is probably of earlier date
than the mugearites of the Parson's
Green, and the section becomes ob-
scured by drift at a much lower level

on this side than to the north.
Lower Ash of Duddingston containing
no fragments of Markle type.

Loch Craig basalt.

The asymmetrical development of the volcanic series, indicated

by the two sections in the above table, suggests that the vent may
have been active at the beginning of the volcanic history of this

area. In confirmation of this view it may here -be stated, that the
existence of an early formed central cinder cone is indicated by the
behaviour of the second ash in the Dry Dam, while the neck itself

can be divided into an older portion free from blocks of the Markle
* Trans. Boy. 8oc. Edin., 1903, vol. xl. p. 689.
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type of basalt, and a later portion in which they occur. These

points will be dealt with in the sequel.

Succession above the Lower Tuff of the Dry Dam North of the Vents.

—The lower ash and sediments of the Dry Dam are overlain by a

second flow of basalt (No. II in Fig. 3 and in Map), which can be

best studied in the small crag underneath St. Anthony's Chapel on
the north side of St. Anthony's fault. The rock resembles the

Oraiglockhart type, but with the olivine and augite less conspicuously

porphyritic and greatly decomposed. The flow is slaggy throughout,

and has an extremely irregular upper surface, the depressions and
cracks of which are filled in with fine tuff and bedded limestone.

South of St. Anthony's fault, the outcrop of this lava is interrupted

for a short distance by a basaltic intrusion of the same type as the

flow; it is, however, markedly columnar and makes a conspicuous

feature on the north side of the Dry Dam. Beyond this intrusion

the lava with its characteristic features can be followed to the head
of the Dry Dam.

In the section exposed in the small crag under St. Anthony's
Chapel the ash filling in the cracks of No. II lava can be traced

upwards into a continuous band of well-bedded tuff with occasional

large bomb-like masses of basalt, some nearly a foot across. The
ash is here about four feet thick, and a thin layer near its top is nearly

black owing to the presence of carbonaceous matter, and is hardened
by infiltration of iron. This bed has been referred to by Dr. Traquair

as having yielded to Dr. MacBain * a tooth of Rhizodus. Fragments
of Galamites, Stigmaria, and the remains of Elonichthys striatus,

Callopristodus pectinatus (determined by Dr. Traquair) were obtained

by the Greological Survey from this band of tuff. The ashes at this

point have been plicated by the drag of the succeeding lava flow,

the overfolding indicating that the lava moved in a northerly

direction over beds still in a soft and pliable condition.

South of St. Anthony's fault the tuff can be followed con-

tinuously to the edge of the vent, rapidly increasing in thickness

and in the coarseness of its materials (see Map). Only fragments

of basalt of the type of the underlying lavas have been obtained in

this deposit.

Next in order at St. Anthony's Chapel comes the third lava (III

in Fig. 3 and in Map), forming the crag on which the ruin stands.

It is petrographically similar to No. II, but with a compact central

portion slightly vesicular and remarkably columnar in structure.

Its upper part near St. Anthony's Chapel is much brecciated, as if by
explosive emission of gases. South of the fault where it gives rise

to a continuous crag, it is rendered conspicuous by its columnar
central portion with its orange-coloured incrustation. The dark
slaggy upper part of the flow here also attracts attention owing to

the masses of bedded limestone with which its cavernous spaces have
been filled.

Similar features are illustrated in the succeeding lava flow (IV
in Fig. 3 and in Map), which is traceable on both sides of St.

Anthony's fault, on the one side as far as the central vent, and on
the other to the crag overhanging St. Anthony's Chapel. An
interesting feature may be noticed where the upper portion of

* Tram. Soy. Soc. Edin., vol. si. p. 689.
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this flow forms the crest of the ridge, to the south of the fault. At
this point a clearly defined layer can be recognised by the large size

of its porphyritic constituents. Although the line of demarcation

between the two types of rock can be readily traced, the passage is

not abrupt and is parallel with the flow banding of the underlying

finer-grained rock, showing that differentiation had occurred within

the magma, at least as regards the formation of the phenocrysts

before the flow had ceased, and probably before the lava had been

extruded.

The fifth flow is a basalt of the same type as No. IV, and
illustrates most of the features just described. In a small escarp-

ment near its southern extremity, its weathered columnar central

portion recalls the appearance of the columns in the celebrated

Cheese Grotto at Bertrich in the Eifel. Along the southern half of

its outcrop the fifth lava flow is succeeded by a sheet of basalt of

doubtful relationship. It is a coarsely porphyritic rock of normal
Craiglockhart type, resembling the upper portion of the fourth flow.

The characteristic slaggy character is, however, absent at the top

and bottom of this sheet, and its thickness is great compared with
its lateral extent, so that it differs widely from the undoubted flows

with which it is associated. This evidence therefore favours the

view adopted tentatively in the mapping that this rock is an
intrusive mass.

The lava next in order (No. VI in Fig. 3 and in Map) is traceable

from side to side of the Whinny Hill, is of considerable thickness,

and repeats some of the features presented by the fourth and fifth

flows. It is the last of the group of finely porphyritic lavas of the

Craiglockhart type which began with No. II flow in Arthur's Seat.

The seventh lava flow is only known at the north end of the hill

where it extends upwards for a few hundred yards from the bend of

the Queen's Drive east of St. Margaret's Loch. It is the first of a
group of basalt flows with conspicuous phenocrysts of labradorite

(Markle type), which were mapped by Sir Archibald Geikie under
the name of " Porphyrite."

The overlying group, comprising eight flows (Nos. VIII-XV in

Fig. 3 and in Map), form the main part of the Whinny Hill, the
outcrops of most of which extend right across the hill. Although
there is no important bed of ash in the series, the slaggy surfaces of

the different flows are usually separated from each other by tuff,

which helps to set forth the bedded character of the volcanic
materials. Columnar structure is not a marked characteristic of

the lavas of this group, indeed they are more or less vesicular
throughout with very irregular upper surfaces. The last feature is

well illustrated on the east face of the hill about half-way between
Dunsapie Loch and Parson's Green, where the top of No. XII lava
flow is exposed in a small scar facing the north. The upper two or
three feet are seen to be composed of a rough heap of slaggy clinkers,

many of which, in the arrangement of their phenocrysts and their

vesicles, show a rude flow structure conforming more or less to the
outlines of the separate masses. This is not an agglomerate resting
on the top of the lava but is an integral part of the latter, as can be
clearly seen in the section. Between these clinkers and reaching
down into the more solid portions of the flow there extends a red
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ashy sandstone constantly showing traces of bedding, which, in the

larger cavities, is inclined in the general direction of the bedding

planes of the rocks of the hill. The relations of the tuff to the

uneven surface are also exhibited on the exposed dip slope of the

lava, where wisps of slaggy basalt protrude in places through
the covering of ash. The most important of these bands of tuff is

to be seen at the side of the Queen's Drive at the north-east

corner of the Park, where it separates the fourteentli aid fifteenth

lava flows.

Next in order come mugearite lavas (XVI-XIX, Fig. 3), probably
four in all, which are easily distinguished by their non-porphyritic

character, their platy flow structure, and a tendency to assume a
rude columnar character. The lowest of these flows (No. XVI) is

exposed at the north-east extremity of the park, the boundary wall

being built upon the bared upper surface. Although the top is here

not particularly vesicular, the lowest portion of the succeeding ash

bed is seen to descend into the irregularities of the surface. A
section of the upper part of this ash is exposed in Scone Gardens,
where it dips to the east at an angle of 20°. The rock is a fine

reddish volcanic grit about 20 ft. in thickness, which is succeeded

by a lava (No. XVII in Fig. 3 and in Map) that has been recently

opened up and quarried for road metal. Probably the same flow is

exposed in a cutting at the back of the engine shed of the Locomotive
Depot of the North British Eailway not far to the north, where it is

succeeded by two bands of mugearite with thin intercalations of

tuff. In the last-named section the uppermost of the mugearite
lavas is separated by a thin bed of ash from a higher porphyritic

flow, thus showing a reversion to the Markle type of lava. This

rock, which is fresher than most of those of the Whinny Hill,

probably represents the last of the extrusions in the volcanic

sequence of Arthur's Seat. The top of this bed is not visible, being

covered by a thin coating of drift and by the basement beds of the

100-ft. beach.

None of the lavas or ashes of the Whinny Hill can be traced

southwards with certainty beyond the Queen's Drive at the north

end of Dunsapie Loch, the relations of the isolated areas of lavas

east of Dunsapie to those of Whinny Hill being hidden beneath

boulder clay.

Succession above the Lower Tuff of the Dry Dam on the South Side

of the Vents toivards Duddingston.—The fine tuff associated with the

limestone band overlying the lava of the Loch Craig (No. I, Long
Eow), which has been identified with the lower ash of the Dry Dam,
is here succeeded by a mass of coarse well-bedded agglomerate (BZd^

in Map) dipping to the north of east at the same average angle as

the rocks of Whinny Hill. A feature which at once distinguishes

this agglomerate from either of those in the Dry Dam is that the

larger fragments are mainly composed of the Markle type of basalt
_

with large porphyritic felspars. One of the blocks in this agglom-

'

erate measures nine feet across. This mass of pyroclastic material is

succeeded by two lava flows of Markle type (zBd^), which form an
escarpment obliquely crossing the slope of the hill below the level of

the Queen's Drive. At a somewhat higher liorizon finer agglomerate

is associated with a band of white limestone, containing black patches
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of calcite and chert, which is exposed at intervals in the slope above
the road, and is also seen by the Queen's Drive, where it bends to the

north to Dunsapie Loch. North of the Duddingston entrance to

the park the continuation of the section is concealed by drift.

Dunsapie Crag is composed of intrusive dolerite (YD in Map),
which on the east truncates two lava flows dipping towards the east,

the lower being a porphyritic basalt of Markle type and the upper a

mugearite lava showing the characteristic platy structure. The
relations of these isolated exposures to the lavas of Whinny Hill

are "quite uncertain, but it seems unlikely that this mugearite can

be on the same horizon as the flows exposed at the north-east corner

of the park. In the latter section the mugearite lavas lie between
basaltic flows of Markle." type, and it is probable that the Dunsapie
mugearite represents a still earlier lava stream which did not reach

the Whinny Hill.

Comparison of Sections North and South of Vents.—As already

indicated, the lower portion of tuff with the limestone band exposed

above the basalt of the Loch Craig on the south side of the vents

corresponds in position and lithological characters with the ashes

and sediments of the Dry Dam. Above the first 150 ft. the

correspondence ceases. No lavas of Craigloekhart type occur on
the south side of the vents, and the succeeding flows of Markle type,

so conspicuous in the Whinny Hill, are represented to the south by
agglomerates made up in part of this type of basalt with only

subordinate outpourings of lava. The present configuration of the

larger vent is of later date than the formation of the whole of the

lower portion of the volcanic pile, including all the lavas of Craig-

loekhart type; but the lack of agreement in the details of the

section on each side points to the earlier existence of a small orifice

occupying part of the site of the larger one. In this connection
the rapid thickening of the upper agglomerate of the Dry Dam
towards the south becomes very significant. In fact, to judge by
the sudden increase in thickness of the band and concurrent increase

in the size of its contained blocks, it seems certain that at this point

the bed must have once formed portion of a small cinder cone. The
limited distribution of the lava flows of Craigloekhart type can
readily be accounted for by supposing that the uprising lavas

breached the cinder cone at some point on its northern side.

Similar considerations might also account for the predominance of

agglomerate to the south and of lavas to the north, when, at a
slightly later date, the volcano was producing the basalts of the
Markle type in association with mugearites. As might be expected,
the Calton Hill section, to be described later, combines many of the
features which distinguish the two sides of the vent in the
present area.

The Vents of Arthur's Seat.—A glance at the Map shows
that the boundary of the materials constituting the central
part of the hill is a line of very marked discordance. To
the north-west of Samson's Eibs it truncates the Upper Old
Eed Sandstone, and when traced eastwards to Dunsapie Loch
it traverses the outcrop of the cementstones and a large portion
of the volcanic series. Either the agglomerate which makes up
the greater part of the material inside the line is lying as an
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unconformable cake upon the denuded
edges of the surrounding rocks as Mac-
laren originally supposed, or it rises

steeply through these rocks, and fills

a vent as advocated by Professor Judd.
The main line of argument adopted by
Professor Judd depends upon the close

resemblance between the products of

what had been previously supposed to

belong to quite distinct periods of

eruption. With increasing petrographical

knowledge, the importance to be attached

to evidence of this nature has become
more apparent. In the case of the
blocks contained in the agglomerate and
the intrusions by which it is injected,

the records of Scottish vulcanicity point

to the conclusion that they could not
have been produced except during the
Calciferous Sandstone period. On this

ground alone any hypothesis based on
unconformability is extremely improbable,

and this conclusion is strengthened by
the field evidence in support of the

opposite view, which now falls to be
described.

As shown on the Map, the area

occupied by the discordant material in-

cludes the central eminence of Arthur's

Seat and extends east to Dunsapie. It

can be subdivided into two unequal
portions representing separate vents,

the boundary between them being
marked by a line drawn approximately
from the north end of the Eaven's Eock
to the head of the Dry Dam (Fig. 4 and
Map at end ofvolume). The smaller orifice

to the north-west of this line, including

the summit of Arthur's Seat, may be
termed the Lion's Head vent, and the

larger one to the south-east the Lion's

Haunch vent (Plate I.).

The Lion's Head Vent.—In this orifice

there is everywhere a well-marked con-

centric arrangement of the constituents

of the agglomerate with steep inward
dip, while the upper part of the basalt

intrusion of the Lion's Head rests in a

cup-shaped depression, conforming more
or less to the bedding of the agglomerate
(Fig. 4). The stratification of the
agglomerate is indicated by the alterna-

tion of coarser and finer layers. The
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included blocks consist almost wholly of basalt of Craiglockhart and
Dunsapie types, which impart a greenish tinge to the rock except

where it is locally stained red. No fragments of the highly por-

phyritic Markle basalts have been detected here, though they are

common in the agglomerate of the Lion's Haunch vent. Another
characteristic is the relatively finer texture of the agglomerate in

the smaller neck. It is probable that the Lion's Head orifice was
active only during the earlier stages of the history of the volcano,

that is, before the extrusion of the greater part of the Whinny
Hill lavas.

The boundary of the Lion's Head vent is clearly indicated along

its northern margin where it truncates the cementstones forming the

eastern slopes of the Hunter's Bog and the lava flow of the Long
Eow. Thence it runs east and west at right angles to the strike of

the adjoining lavas and ashes. A thin dyke of brecciated basalt has

been injected along the line of junction and can be followed for

about fifty yards. The basalt of the Long Row, when it approaches
the margin of the vent, shows signs of great disturbance and shatter-

ing, but the actual junction is concealed under surface debris. A
little farther down the slope, bands of altered cementstone are

found in contact with the dyke, and are bent down towards the

junction. Inside this intrusion the ash of the neck can be seen to

dip away from the dyke at angles of 45° to 50° and to be stepped

down by numerous small faults (see Map at end of volume.)

The western boundary is entirely concealed under talus. The
nature of the junction line on the south-east side is indicated by
the exposure at its south-west limit where the relation of the

agglomerates of the_ Lion's Haunch to those of the Lion's Head vent

can be seen in clear section in the gully known as the " Gutted
Haddie " descending the western front of the hill (see Map at end of

volume). The line is evidently that of a neck junction, and there

is a marked discordance between the materials filling up the two
'

orifices. The comparatively fine agglomerates dipping north-east

under the basalt capping of the Lion's Head are abruptly truncated

against a highly inclined plane along which there are obvious signs

of movement (Fig. 4). On the other side of the plane lies the

coarse red agglomerate characteristic of the Lion's Haunch, dis-

tinguished from that just described by the presence of fragments
of ttie Markle type of basalt. This deposit is also bedded and dips

at an extremely high angle towards the south-east (see Map at end
of volume). That this inclination is due to central subsidence

rather than to deposition at the angle of repose of the material is

shown by the presence of a bed of sandstone, greatly crushed but
traceable for some distance and conforming with the high inclination

of the agglomerates. Far down the section, beds occur rich in

fragments of a basalt resembling that of the Lion's Head, and at the

very top of the " G-utted Haddie " a breccia occurs in contact with
this basalt and entirely made up of its fragments although lying to

the east of the division line between the two agglomerates (see Map).
This breccia is affected by lines of crush, nevertheless it has the

appearance of an original scree formation, and, what is particularly

significant, it passes laterally into the normal agglomerates of the

Lion's Haunch,
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These phenomena seem to point to the existence of two vents,

that of the Lion's Head and that of the Lion's Haunch. The latter

came into operation at a slightly later date than the former, and

was drilled partly alongside and partly within the limits of the

original orifice. The constituents of the older neck, including the

intrusion of the Lion's Head, actually formed part of the boundary
wall of the new vent and supplied screes which mingled with

the exploded material. Thus it appears that the basalt of the

Lion's Head, although the youngest rock of the older vent, really

belongs to the early suite of eruptions that produced the agglomerate

with which it is so intimately associated. The rock is a fine-grained

basalt of the Dalmeny type identical with that of the Castle Eock
of Edinburgh to be described in the sequel, and closely related to the

Craiglockhart type of basalt of the lower part of the Whinny Hill.

On the west side of the hill, in the cliffs just above the footpath

that traverses the talus, the roots of the Lion's Head intrusion are

exposed as a series of ramifying dykes, uniting upwards to form
a stem which passes nearly vertically through the agglomerate

for about 175 ft., and finally spreads out more or less parallel with
the bedding planes of the agglomerate (Fig. 4). A marked flow

structure is visible, which everywhere follows the marginal limits

of the rock, while at the same time there is a rude columnar
structure at right angles to the fluxion lines. Two additional ex-

posures of basalt occur within the Lion's Head oriflce, the chief one
being a small dyke from two to three feet across, that rises vertically

through the bedded agglomerate a little to the north of the " Gutted
Haddie " gully. It is a porphyritic basalt different from that of the

Lion's Head. The margins of the dykes show a platy Suxion
structure and the centre is highly vesicular and amygdaloidal.

Lion's Haunch Vent.—The materials flUing up the Lion's Haunch
orifice are more varied than those in the smaller vent just described.

' While agglomerate predominates, there are also undoubted lava

flows at three different levels, together with sandstones, marls and
cementstones. Massive intrusions also occur within the vent.

The section exposed on either side of the Queen's Drive, from
Powderhouse Corner to the escarpment of the Loch Craig, furnishes

evidence regarding the complex nature and arrangement of the

materials inside the vent, and also of their relations to the bedded
rocks outside the limits of the orifice (see Map at end of volume).

The Raven's Eock above the road at Powderhouse Corner forms

part of a crag that runs south from the gully of the " Gutted
Haddie " to the west end of Samson's Eibs and consists of a series

of slaggy porphyritic basalt lavas of Dunsapie type, associated with
breccias, ashes, and occasional beds of red marly tuff. The manner
in which the finer tuffs and sediments fill the uneven surfaces of

the slaggy lavas leaves no doubt as to the superficial origin of the
latter, while the occurrence of such deposits with their even bedding
planes indicates that at the time of their formation they must have
been nearly horizontal and continuous, though now either vertical

or highly inclined towards the east. Hence there is here evidence
of the central subsidence having affected the materials of the Lion's

Haunch Neck. In' this section the rocks are traversed by several

veins of intrusive basalt resembling the lavas themselves, but it
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is uncertain whether they have emanated from the main mass of

Samson's Eibs or are more directly connected with the production

of the lava flows. Where this group crosses the road at the first

bend, their strike is deflected to the south-east so as to run almost

parallel with the road and also with the boundary of the vent, the

dip being north-easterly at high angles. Here the intrusive basalt of

Samson's Eibs splits up the group, and part of the breccias belonging

to it flanks the western side of this intrusion as far down as the

Duddingston Koad, where the line between the two rocks is irregular

and nearly vertical. The upper portion of the group obviously

overlies the basalt of Samson's Eibs and is exposed on both sides

of the road. The well-preserved roche moutonnie exposed in the

Queen's Drive at this point belongs to one of these lava flows.

The massive intrusion of Samson's Eibs, so well known on account

of its columnar structure, is a basalt of Dunsapie type (Plate IV.).

Viewed from the Duddingston Eoad the most significant feature is

the manner in which the steeply inclined columns bend outwards and
become almost horizontal as they approach that road, as if chilled

against a nearly vertical face. Indeed, the basalt of Samson's

Eibs appears to have welled up along the margin of the vent

and to have extended laterally chiefly among the lavas and
breccias of the group just described. It must have been injected

after the extrusion of the latter as it sends an important tongue

into the overlying red agglomerate which now falls to be described.

This tongue is well seen above the Queen's Drive and makes a

conspicuous feature owing to the slight radiation of the fine columns.

The junction of the red agglomerate with the uppermost member
of the underlying volcanic group within the vent can readily be

traced from the "Gutted Haddie" above the Eaven's Eock to the

Queen's Drive. The agglomerate is well bedded even in its coarsest

form, the stratification being indicated by the arrangement of the

large blocks, which consist chiefly of basalt of Dunsapie or Lion's

Haunch type together with fragments of the Markle type of basalt,

the latter being readily recognised by the abundant phenocrysts of

felspar. At irregular intervals there are intercalations of fine ash

and even of quartzose and calcareous sedimentary materials.

In the first cliff exposed above the road after passing the tongue
of columnar basalt proceeding from the intrusion of Samson's Eibs
there is a considerable thickness of these coarse agglomerates with
a steep dip towards the north-east. About 30 yds. east from
the beginning of the cliff', a few feet of ashy sandstone and cement-
stone are overlain by a slaggy and often brecciated basalt lava of

Dunsapie type. The irregular slaggy top of the flow with its

cracks and hollows filled in with tuff' is repeated by a fault oblique

to the Queen's Drive, and a continuation of the lava is also seen a

little below the road. For the next 70 yds. very coarse agglomerate
with finer intercalations occupies the cliff with the same high inclina

tion towards the north-east. At this point a mass of porphy-
ritic basalt, several square yards in extent, is seen to be cut off to

the east by a nearly vertical bed of fine red agglomerate. The mass
is like a dyke intrusion, but is more probably only a very large

block in the agglomerate which is extremely coarse at this point

and filled with fragments of similar basalt.
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The fine red agglomerate is followed by a' slaggy lava flow of

Dunsapie type, showing signs of flow-brecciation, which appears in

the section for the next 100 yds. The very irregular surface of

the lava is overlain by a few feet of red ashy marls with sandstone

and cementstone bands which descend into the crevices of the slaggy

surface. Here again the nature of these bedded sediments, which

much resemble many of the rocks of the Cementstone group found

outside the vent, precludes the hypothesis that they could have

been formed at the angle at which they now lie, and it is certain

that the continuation of the outcrop of this lava flow in the road

section with an average E.N.E. and W.S.W. strike has been

determined by central subsidence. The same deflection of the

strike is observable in the agglomerates which overlie this lava at

a point near where the road section is hidden by the retaining wall.

' VENT

Fig. 5.—Junction of Lion's Haunch Basalt with massive agglomerate (BV), Looli

Craig lava (yBd'), tuffs, and sediments in Queen's Drive. Fragments of

white limestone in agglomerate (+ +). Horizontal distance about 1000 ft.

These phenomena, indicating central subsidence and drag against

the vent wall, are supported by the evidence of disturbance such

as faulting, slickensiding and shattering, that is everywhere apparent
in these rocks.

In the concealed ground the marginal line must cross the road
obliquely since an outcrop of the sandstones and cementstones under-
lying the intrusion of the Girnal Craig with a IST.W. and S.E. strike

can be traced to within 70 ft. of the road section just described.

The edge of the vent can be seen a little farther up the hill in the

section rendered classic by the descriptions of Maclaren, Geikie and
Judd (Fig. 5). The exposures here are far from perfect and the
nature of the junction has for the most part to be inferred from the
relation of isolated outcrops. There can be no doubt, however, that

a line running obliquely up the hill in a north-east direction separates

two distinct groups of rocks, On the north-west side of this
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boundary the agglomerates of the road section continue for a space
dipping towards the north-west at low angles. At this point they
are characterised not only by the abundance of blocks of the Markle
type of basalt, but also by the presence of many large fragments of

fine-bedded ashy sandstone, and pieces of limestone similar to the

deposits occurring above the Long Eow basalt on both sides of the

hill. These are interrupted by a tongue of basalt connected with
the intrusion of the Lion's Haunch (Fig. 5), beyond which a crag of

agglomerate resembling that just described projects through the turf,

but with a south-east dip. On the south-east side of the line the

basalt of the Loch Craig is well exposed and is followed, at the

Queen's Drive, by the characteristic ashy sandstones with a north-

east dip, while, up the hillside, a prominent rib of white limestone

or cementstone (Fig. 5), similar to that occurring in the Dry Dam
near St. Anthony's Chapel, can be traced to within a few yards of

the projecting crag of agglomerate already mentioned. Its outcrop

then ceases, and although the section is much grassed over it is

highly probable that the limestone doe^ not continue farther in this

direction. The principal feature of the section is the very obvious

truncation of the Loch Craig (Long Eow) basalt by the agglomerate

(Fig. 5), for although the tongue of Lion's Haunch basalt intervenes

at one point it does not affect the relationship of the other two
rocks.

Apart from its bearing upon the questions discussed, the contact

of the basalt of the Loch Craig with that of the Lion's Haunch is of

great interest. Both Sir Archibald Geikie and Professor Judd are

agreed that the tongue is intrusive against the older lava, and
according to either interpretation a certain lapse of time must have
intervened between the production of the two rocks of similar

petrologieal character. Since it has now been shown that basalts of

the Markle type and also mugearites are abundantly represented

in the agglomerate into which the Lion's Haunch rock is intruded, it

is clear that the eruption of the Lion's Haunch basalt marked a
reversion to the earliest type of lava represented in the hill after the

volcano had passed through a highly complicated development.
While the recurrent phase is demonstrated in this particular section

by the actual conjunction of the newer and older products, it is

equally illustrated by the relations of the Dunsapie mass and other
intrusions and lava flows within the neck to the agglomerate with
which they are associated, and in some cases also to the lavas outside

the vent. The characters which distinguish the Lion's Haunch rock
from the contiguous lava are its more coarsely porphyritic texture, its

greater freshness, its comparative freedom from vesicular structure,

its more jointed appearance and its reddish weathering. By these
means it is possible to distinguish the junction line of the two
rocks.

Eastwards from the section just described the position of the
boundary line of the vent is quite uncertain. The existence of the

neck in this direction is inferred from exposures on the north side of

thei orifice to be described in the sequel. Although the available

evidence does not favour the view, it is possible that the agglomerate

with the limestone containing the dark chert nodules, and also the

lava flows of Markle type, described in the section on page 62 as
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forming the bedded series on this side of the hill, may really be

included withia the vent.

At Dunsapie the evidence becomes more definite. The disposition

of the columns within the massive intrusion at that locality indicates

that it forms part of a sheet inclined towards the north-east ; but the

intrusive character is shown by the manner in which it truncates the

lavas exposed upon the eastern flanks of Dunsapie (Fig. 4). To the

west of Dunsapie Loch there is an exposure of a very coarse ag-

glomerate including blocks up to five feet across chiefly of Dunsapie

type of basalt, together with fragments of Markle type and mugearite.

From this point up to the northern extremity of the Lion's Haunch
basalt a series of shallow excavations was made at intervals of a few

yards, which indicate that this grassy slope is underlain by coarser

and finer agglomerates with similar contents (Fig. 4). In places

where the finer agglomerate showed an arrangement of the material,

the dip was found to be towards the north-east. The relations of

the main mass of the Lion's Haunch intrusion to the agglomerates

exposed beneath its western escarpment clearly indicate that it is

a superincumbent sheet inclined towards the north-east like the

agglomerate (Fig. 4). It has been suggested that the basalt in-

trusion of Lion's Haunch and Dunsapie may be portions of the same
siU, though now cut ofl' from each other by denudation; but

Dr. Flett, who has had exceptional opportunities of studying the two
rocks microscopically, is of opinion that they present differences

which make them readily distinguishable from each other, thus

making this hypothesis highly improbable.

It will be observed that in this part of the vent there are few, if

any, indications of difi'erential movement due to central subsidence

so obvious in the portions hitherto described. All the phenomena
connected with the dip of the materials could be fully accounted for

by the supposition that here the bedding remained approximately
horizontal until the folding of the region as a whole. Such evidence

is opposed to the view that the igneous products of Arthur's Seat

might belong to two epochs separated from each other by a period of

great earth movement accompanied by denudation.

To the north of the agglomerate a triangular area, extending from
near Dunsapie Loch to the head of the Dry Dam, is occupied by
porphyritic basalt of the Dunsapie type (yBd^ in Map at end of

volume). In some of the exposures the rock is seen to be thoroughly

slaggy, and, when viewed in connection with the contour of the

ground, it suggests the presence of at least two lava flows. At the

col at the head of the Dry Dam two ribs run up the hillside, and it

is a remarkable fact that these are in such direct continuation with

the escarpment features made by the outcrops of lavas II and III of

the Whinny Hill succession, that only by attention to the different

petrographical characters of the rocks can one be convinced of the

existence of the line of discontinuity in the intervening hollow.

This continuity of feature accompanied by the difference of the rocks

on each side of the line did not escape the acute observation of

Maclaren, who, however, tried to account for the presence of these

lava flows by inserting a fault along the line we now take to be the

outer edge of the neck. He assumed in fact that the lavas were
downthrown portions of some of the porphyritic basalts of the
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Whinny Hill. Sir Archibald Geikie found this hypothesis to be
untenable and rightly placed these lava-form rocks with the ag-

glomerates of the central part of the hill. It may be pointed out
now that microscopic investigation shows that these rocks belong

to the Dunsapie type of basalt so well represented in the lavas,

agglomerates, and intrusive masses of the vent, and clearly distin-

guishable from the Markle type of basalt that characterises the

lavas of the upper part of the Whinny Hill with which Maclaren
originally compared them.

These lava-form rocks probably underlie the agglomerates upon
which the Lion's Haunch sill rests, and therefore seem to be in the

same stratigraphical position in the vent as the much faulted lava of

similar type exposed in the Queen's Drive on the south side of the

hill (Fig. 5). Some small isolated exposures of brecciated slaggy

basalt of Dunsapie type protrude through the turf in the hollow

between the Lion's Head and the Lion's Haunch which also appear

to belong to lavas intercalated in the agglomerate about this

horizon.

Agglomerate, evidently underlying the lowest of the lava flows

within the vent overlooking the Dry Dam, is exposed at the junction

of the two paths that lead up to the top of the hill on the north

side. The pyroclastic material dips easterly, thus agreeing generally

with the inclination of the bedded rocks outside. This exposure must
be near the junction of the Lion's Haunch vent with the older orifice

to the north, and the next exposures on the hill face clearly belong

to the latter.

Vent near Gamstone Quarry.-—Having described the great central

vents of Arthur's Seat, we may now direct attention to a subsidiary

vent giving rise to an elongated mound on the dip slope of Salisbury

Craigs between the Cat Nick and the Gamstone Quarry. Along its

major axis, which lies E.N.E. and W.S.W. it measures fully 200
yds. and its breadth is about 70 yds. (see Map at end of volume).

At its eastern extremity the agglomerate with which it is entirely

filled cuts through the Upper Old Red Sandstone and contains

numerous fragments of that material. Elsewhere its junctions are

not exposed, but since it lies obliquely to the outcrop of the sand-

stones its relations, like those of the agglomerates on Arthur's Seat,

can only be those of unconformity or intrusion in the form of a vent.

Here there is additional evidence to associate this agglomerate with
the Carboniferous period since it has been greatly indurated by the

dolerite intrusion of Salisbury Craigs which, for reasons to be given
in the sequel, is itself probably of Lower Carboniferous age. The
included blocks at once recall the lavas of the lower portion of the
Whinny Hill, while the Markle type of basalt is absent, so that it

may be inferred that its period of activity was restricted, like that

of the Lion's Head vent, to the earlier portion of the volcanic history

of Arthur's Seat.

INTEUSIVE IGNEOUS BOCKS OF AETHUK's SEAT AND CASTLE ROCK.

Eeference must now be made to the intrusive rocks occurring in

Arthur's Seat, which comprise (1) the sheet of Heriot's Mount and
St. Leonard's Craig, (2) the Dasses and the Girnal Craig, (3) the
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dolerite sill of Salisbury Craigs and (4) the intrusive mass at

Duddingston.
With regard to the rock of the Dasses its intrusive nature was

clearly recognised by the early observers. It is a conspicuously

porphyritic basalt of Dunsapie type occurring as a thin sheet,

overlain by three irregular lenticular masses, which thin out among
the surrounding sediments. The latter show obvious signs of having

been disturbed and indurated by the molten rock. The occurrence

of a sill of the same type and occupying a like stratigraphical

position both to the south of the vents (the Girnal Craig), and also

in the faulted area to the west of Salisbury Craigs (St. Leonard's

Craig), points to a greater extension for this intrusion than might
have been expected from the appearances presented by the Dasses

themselves.

The correlation of the basalt of Girnal Craig with that of the

Dasses was made by Maclaren, who realised its intrusive character

and the alteration of the overlying cementstones as seen on the

shore of Duddingston Loch. The basalt of St. Leonard's Craig has

been linked with that of the Dasses in view of the discovery of

Upper Old Eed Sandstone fish remains in the sandstones underlying

Salisbury Craigs, from which it was inferred that the cementstones
into which the St. Leonard's basalt has been intruded belong to the

Cementstone group of the Hunter's Bog, repeated by a fault (Pig. 3).

Although the basalt sill of the Girnal Craig, as shown on the Map,
appears as if truncated by the edge of the vent, the section is obscure

at this point, and it is by no means certain that such is actually the

case. In fact the resemblance of the basalt of the Dasses to the in-

trusive rocks of the Lion's Haunch, Dunsapie and Samson's Eibs

suggests that this sheet may have been injected at a time subsequent

to the establishment of the main orifice.

The description of the great teschenite sill of Salisbury Craigs * is

given in another chapter (p. 276), since, from its petrographical

character and from its disappearance in the field in thin branching
veins in the direction of the larger vents, it almost certainly belongs

to a slightly later period of igneous activity which followed after the

complete extinction of the Arthur's Seat volcano.

The intrusive mass at Duddingston presents no point of special

interest. It is a basalt of the Dunsapie type, whose intrusive

character can be at once inferred from the manner in which it

truncates the fine tuffs and calcareous bands that overlie the Loch
Craig (Long Eow) basalt.

The Castle Eock, though somewhat removed from Arthur's Seat,

may, however, be dealt with in the present section. In character

it is a fine-grained basalt of Dalmeny type resembling the rock of

the Lion's Head, and, like it, may belong to the early part of the

volcanic history of Arthur's Seat. It is manifestly a plug rising

almost vertically through the Upper Old Eed Sandstone, against

which members of the Cementstone group are brought by faulting

(Fig. 3). It is quite possible that the Castle Eock may have
served as an orifice for the emission of lavas although no guch
connection can now be established.

- * Prof. Bonney first separated the intruaioiiB of Salisbury Craigs, Samson's Eibs
and St. Leonard's Craig, Ffoo. Gad. Aaaoc, 1878, pp. 503, 608.
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point up to the National Monument several alternations of por-

phyritic basalt of Markle type with thin beds of tuff are well

exposed (zBd\ Fig. 6). This succession can be examined in the road

section leading obliquely up the hill behind the High School and in

the paths and cliffs overlooking the High Calton. The group ends

with an ash band extending right across the hill and visible in all

the road sections, which is succeeded by a typical platy mugearite

lava (oWd^, Fig. 6). Two similar flows separated by ash bands are to

be seen in the road-cutting on the top of the hill outside the wall

which divides the public grounds from the Eegent Gardens. Eocks
of this type make up the highest visible lavas of the Calton Hill,

and in this instance there seems to be no reversion to lavas of

Markle type, as in Arthur's Seat.

The volcanic rocks of the Calton Hill are overlain in natural

sequence by shales of Ballagan type, containing entomostraca, which

are exposed in the gardens behind Eegent Terrace. In the No. I

Borehole at Abbeyhill, recorded by Mr. John Henderson, a thickness

of upwards of 300 ft. of dark shale was proved to overlie these

volcanic rocks.* These sediments represent' the highest members of

the Cementstone group in the neighbourhood of Edinburgh.

VOLCANIC EOCKS OF CRAIGLOCKHAET.

The volcanic rocks of Craiglockhart in the south-western suburbs

of Edinburgh lie on the western limb of the anticlinal fold that runs

through the city. They consequently dip towards the north-west, and
like those of the Calton Hill are truncated by the Colinton fault. They
give rise to two conspicuous craggy hills separated by a drift-filled

hollow that follows the course of an unimportant fault. The best ex-

posures are found on the western hill, where about 100 ft. of bedded
ashes are overlain by a massive columnar lava of about equal thickness.

The tuffs are for the most part fine-grained, and almost entirely

composed of small fragments of basalt, many isolated crystals of

augite and olivine similar to those occurring in the overlying lava,

and a slight admixture of quartz grains such as might have been

derived from earlier formed sandstones. Occasional large blocks of

basalt and sedimentary rock are not infrequent in the ash. Despite

the well-bedded nature of the deposit no intercalations of normal
sediment are observable, and it is quite probable that this deposit

may have been formed as the result of a single eruption, as in the

case of Monte Nuovo near Naples.

The basalt lava overlying this tuff has been taken as the rock-

type of a widely distributed group occurring at or near the base of

the Carboniferous system in Scotland. The junction of the lava and
the ash is well exposed in the crags at both ends of the hill, the

western crag just south of the Hydropathic Establishment affording

the best section. The base of the lava does not quite conform to

the underlying ash beds but here slightly transgresses them, probably
indicating the actual breaking up of the soft floor over which the

lava flowed. The contemporaneous nature of the rock is suggested

by its extremely slaggy character in this exposure, and is confirmed

by the abundance of veins and cavities infilled with fine ashes and
* Trans. Edin. Oeol. Soc., vol. viii. p. 7.
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bedded limestone. Before the lava had cooled, some of the cavities

appear to have been lined with a soft mud which has been baked
and cracked by the residual heat, and the rents have been subsequently

tilled in with ash of a coarser texture. Other veins, infilled with
jaspery substance, are abundant, but these are probably of later

origin and similar to examples frequently found in intrusive rocks.

These occur in the columnar massive portions where the infiltrations

of true sediment can very rarely be found. The slaggy upper
surface of the lava is well exposed at one point on the slope over-

looking the ruins of the Castle, but the upward continuation of the

volcanic series is lost at this point owing to the Colinton fault.

In the eastern hill the wider extension of the basement tuff is

probably due to a slight roll over of the dip, and not to a thickening

of the ash as might be supposed from looking at the Map. To the

north of this hill the volcanic rocks seem to be faulted down against

the edges of the Upper Old Eed sandstones and marls exposed in

the Myreside cutting of the Suburban Eailway, near Craiglockhart

Station. The tuffs and the basalt recall the lower part of the Whinny
Hill succession of Arthur's Seat, but since the Craiglockhart ashes

have no intercalations of normal sediment similar to those of the

Dry Dam, it seems more probable that the Craiglockhart volcanic

group was derived from a local centre and not from the Arthur's

Seat vents. The great thickness of the Craiglockhart basalt tends

to support this view. On this hypothesis it is not to be expected
that the Craiglockhart volcanic rocks should have been strictly con-

temporaneous with those of Arthur's Seat. Evidence bearing on
this interesting question has recently been supplied by some new
exposures at the east end of the western hill, where sandstones and
conglomerates and clay beds with calcareous concretions are seen in

close proximity to the ashes, and dipping conformably with them.
These beds strongly recall some of the rocks of the Craigmillar

Sandstone group (Upper Old Eed Sandstone), and, though this

correlation has not been supported by fossil evidence, there is good
reason for the belief that the Craiglockhart volcanic rocks are some-
what older than any occurring in Arthur's Seat, indeed they may
actually lie at the junction of the Old Eed Sandstone and Car-
boniferous systems, like the volcanic rocks of the Birrenswark plat-

form of Eskdale and Annandale. B. N. p.

The Oil-Shale Group.

Owing to the discovery of thin seams of oil-shale in the Wardie
Shales and in beds interleaved in the Granton Sandstone the base line

of the Oil-shale group is now drawn at the bottom of the latter

subdivision of the Calciferous Sandstone (see Fig. 2, page 52), instead
of at the base of the Pumpherston Shales.

Only the three lowest members of the Oil-shale group, namely,
the Granton Sandstone, the Wardie Shales, and the Hailes Sandstone
are represented in this district. In the Eoyal Terrace Gardens, on
the north slope of the Calton Hill, a massive bed of sandstone,
forming the base of the Granton Sandstone, overlies shales full of

entomostracan remains, belonging to the Cementstone group, the
dip being to the north of east at an angle of 2T Farther to the
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east dark shales of Wardie type are exposed round the dolerite sill

of Lochend.
These sections occur to the east of the great Colinton fault, to

which reference has already been made (see Sheet 32), but the best

exposures are to be found in the area west of this dislocation, and
especially on the foreshore between Newhaven and the mouth of the

river Almond. Sections are seen inland along the course of the

Water of Leith near the Dean Bridge, and between Slateford and
Juniper Green. Other exposures are to be found in the Suburban
Eailway cutting south of G-orgie Park Station, the cutting on the

Barnton Eailway near Davidson's Mains, and in the quarries at Craig-

leith, Hailes, Craigcrook and Davidson's Mains.
In this area the rocks have been thrown into a series of anticlines

and synclines having a north and south trend, as was first pointed

out by Mr. John Henderson.* One of these folds—the G-ranton

anticline—extends from near Muirhouse on the coast west of

Granton, southwards towards the southern end of Corstorphine Hill,

and brings to the surface the Granton Sandstone and associated beds

with a width of outcrop of over a mile between the quarries at

Craigleith and Craigcrook.

A second fold—the Leith anticline—stretches from Leith Harbour
to St. Andrew Square in the city of Edinburgh, and is truncated at

its southern extremity by the Colinton fault. Its western limb has

a steep inclination between Princes Street and the Dean Bridge
where the junction of the Granton Sandstone with the overlying

Wardie Shales is exposed. Between these anticlinal folds, a well-

marked trough—the Wardie syncline—extends from the shore at

Granton to the south of Hailes Quarry, in which lie the higher beds of

the group, namely, the Wardie Shales and the Hailes Sandstone. In
this trough the latter is only known to occur between Kingsknowe
and Hailes Quarry, but it is probably also represented by the

sandstones about the mouth of the river Almond, though the relation

of these sandstones to the strata above and below has not yet been

satisfactorily determined.

During the recent revision of this area oil-shales have been

found to occur in these three divisions. An oil-shale containing fish

remains overlies the sandstone in Hailes Quarry. A second band
occurs in the railway cutting 100 yds. above Boags Mill on the

Water of Leith, which probably lies in the Wardie Shales. A third

oil-shale has been found on the south side of a new road running

parallel with and immediately south of the Queensferry Eoad. Its

locality is 60 yds. a little south of east of Eavelston Lodge, and
the shales in which it occurs are intercalated in the Granton Sand-

stone. On the coast section between Granton and Wardie several

oil^shales have been discovered. The analyses of some of these

shales are referred to in the economic section of this memoir (p. 351).

The Wardie Shales are best exposed in the Wardie syncline on

the shore between Trinity and the rock that projects seaward

330 yds. west of Granton Harbour, known as the General's Eock.

The following vertical section of these strata, as there exposed, has

been prepared to show the sequence of beds in relation to the oil-

shales which they contain :

—

* See J. Henderson, Trana. Edin. Geol, Sop., vol. iii. p. 24 vol. vi. p. 29.
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Old Edinburgh and Granton Railway, which extended underground

from the Waverley Station to Scotland Street. The course ran

nearly north and south and slightly obliquely across the axis of the

Leith anticline, the crest of which lies beneath St. Andrew Square.

On the west side of this axis, the Granton sandstones and the

accompanying dark shales with ironstone nodules containing

eoprolites and fish remains have been exposed from time to time

during building operations. At the corner of St. David Street and
Princes Street, sandstones and shales and a thin coal so am, dipping

towards the north-west, were laid bare during the rebuilding of

Charles Jenner & Co.'s premises. Dark shales with ironstone

nodules, belonging to this group and dipping north-west at high

angles, have, from time to time, been exposed in Hanover Street

and Princes Street, and along the same strike to the south-west at

St. Cuthbert's Church up to the Colinton fault. Similar beds, also

dipping to the north-west, are still visible in the cutting of the

Caledonian Eailway. The gorge of the Water of Leith between
Drumsheugh and Stockbridge has been carved in beds of this group,

where they form the western limb of the Leith anticline as was shown
by Mr. Henderson. Some of the highest beds in this section belong

to the Wardie Shales.

Following the eastern limb of the Wardie syncline to the south-

west we find beds belonging to both groups in the Suburban Eailway
cutting near Craiglockhart Station. On the north-west side of the

Colinton fault dark shales with ironstone nodules, belonging to the

Granton Sandstone group, are seen dipping at high angles to the

north-west, which, to the north of the Station, are succeeded by
sandstones and shales with a similar inclination, while a little farther

north the presence of the marine band indicates the lower part of the

Wardie Shales. This group here contains shales with occasional

sandstone bands and two seams of coal, one of which reaches a

thickness of about two feet but contains thin strains of carbonaceous

fireclay. These coals probably represent those of Caroline Park near

Granton and the seams formerly worked near Wardie. These rocks

are hardened and altered by two sills of dolerite.

Strata belonging to these groups have been exposed north of

Craiglockhart Hill, where they dip steeply to the north-west away
from the Colinton fault. A coal exposed there in one of the quarries

is probably the same as one of the seams in the Suburban Eailway
section.

The Water of Leith, between Colinton and Juniper Green,

traverses obliquely the southern end of the Wardie syncline. On its

eastern limb the Granton sandstones dip steeply off the fault at the

eastern side of the large stretch opposite Colinton, the rocks being

also much disturbed. Two marine bands are seen in the bed of the

river at Curriemuir and Woodhall, which must lie in the Wardie
Shales, a short distance above their junction with the underlying

Granton Sandstone. From Curriemuir to Currie, where the Colinton

fault crosses the Water of Leith, the Wardie Shales are to be found

at intervals in the river banks with a uniform dip to the east,

showing that the strata lie in the western limb of the Wardie
syncline.

The highest members of the Oil-shale group in this district are
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exposed in the Hailes Quarry, where the sandstones are inclined to

the east at angles of 10° to 15°, and are overlain by shales containing a
band of oil-shale, an account of the analysis of which is given in the

economic section (Chap. XVII. p. 351). The sandstones reappear in

the east limb of the syncline in a quarry about half a mile farther to

the east, near Kingsknowe Station. Black shales of the Wardie Shales

series are laid bare in the Water of Leith at Eedhall, dipping to the

west beneath the sandstone in the quarry at Kingsknowe.
As already indicated, the Granton anticline has been proved to

extend southwards beyond Eavelston House by means of various

exposures of the strata. On its eastern limb massive sandstones with
an easterly dip have long been wrought in the famous quarries at

Craigleith, where they pass beneath shales containing a calcareous

band with marine fossils.

The Granton Sandstone has also been worked in quarries near

Craigcrook Castle, where it is inclined to the south-east, and still

farther south it dips in a southerly direction near the dolerite sill of

Corstorphine Hill. Northwards near Davidson's Mains, on the west
limb of the arch, the overlying Wardie Shales are in contact with the

dolerite sill and are baked into a hard porcellanite, which has been
largely quarried for road metal. They are also visible in the Barnton
Eailway cutting, a short distance farther north, with a similar

westerly dip.

The Wardie Shales and Granton sandstones are related litho-

logically to the higher part of the Oil-shale series in which the oil

shales are now worked, and the assemblage of fossils, consisting chiefly

of fish and plant remains with a scarcity of marine types, is similar.

Eeference has already been made to the marine bands in the Wardie
Shale series recorded by the older observers. They occur in the shore

section near the base of the Wardie Shales at the General's Eock,
at Drumsheugh and the Dean Bridge in the Water of Leith, at

Woodhall and Katesmill above Colinton, in the shale overlying the

sandstone in Craigleith Quarry, in the excavation on the east side of

the northern end of Corstorphine Hill, in the Suburban Eailway
cutting west of Morningside Station and in the cutting of the
Barnton Branch Eailway near Davidson's Mains. Mr. Henderson,
who was the first to call attention to these bands, considered that in

most of these localities they belong to one horizon near the base of the

Wardie Shales. Those in the quarry at the north end of Corstorphine
Hill and in the Barnton Eailway cutting were referred by him to a
different position, but the field evidence seems to support the view
that they represent the band near the base of the Wardie Shales.

The fossils from these zones in the cabinets of Mr. John Henderson
and Mr. Gall, Edinburgh, were described, as already indicated, by
Mr. E. Etheridge, Jr. (see p. 49). Marine but not open sea con-
ditions are proved by the occurrence of such brachiopods as Lingida
and Discina and by cephalopods such as Orthoceras. Lamellibranchs
and gasteropods also occur. The whole assemblage is similar to

the organic remains found in the marine bands in the Lower
Carboniferous rocks of East Fife, which stratigraphically represent
the Oil-shale group. C. v,. c,



CHAPTER VIII.

CALCIFEROUS SANDSTONE SERIES OF THE
QUEENSFEREY, BROXBURN AND WEST CALDER DISTRICT.

The area extending from the shores of the Firth of Forth southwards
to the Pentland Hills, which now falls to be described, is bounded
on the east by a line drawn from the mouth of the river Almond
to the village of Currie on the Water of Leith. Its western limit is

defined by the outcrop of the Hurlet Limestone, which runs
approximately in a north and south direction from a point in the
Firth west of Blackness Bay southwards to Cobbinshaw Eeservoir.

It thus embraces the rich oil-shale fields of the Lothians between
Queensferry and West Calder—the centre of the oil-shale industry

in Scotland.

The sequence of strata in this district ranges from the base of

the Cementstone group to the top of the Calciferous Sandstone series,

the most striking feature of the region being the remarkable
development of the shale measures. The volcanic rocks of Arthur's
Seat are here represented by the basalt and mugearite lavas of

Corston Hill, where they are associated with cementstones of

Ballagan type. At Dalmeny and Dechmont there is evidence

of brief outbursts of volcanic activity during the deposition of the

Oil-shale group before the extrusion of the great succession of lavas

and tuffs of the Bathgate Hills.

The upper portion of the Calciferous Sandstone series, as already

indicated, dips westward under the Carboniferous Limestone series

of Bo'ness and the Bathgate Hills. The exact position of the

boundary line between the two is often obscure, partly owing to the

great covering of drift and partly because of the variability of

the strata, which often renders correlation impossible even across

areas only a few miles in breadth. Still more difficult is it to

correlate the beds in this western district with those in Mid-Lothian
or along the Haddingtonshire coast.

The two Abden Limestones of Kinghorn, Fifeshire, bear consider-

able resemblance to the Longcraig Limestones on the coast east of

North Berwick, which are about 25 mis. distant in an E.S.E. direction,

and it seems probable that the Lower Abden is on much the same
horizon as the Lower Longcraig—the limestone, which, in East Lothian,

is taken as the basement bed of the Carboniferous Limestone series.

In Fifeshire, however, in the one-inch map 40, the base of this series

has been drawn at the bottom of the thick limestone, exposed on the

coast a little west of Seafield Tower, which comes next above the

Abden beds, and has been regarded as the equivalent of the Hurlet
Limestone by Sir A. Geikie.*

* " Geology of Central and Western Fife and Kinross-shire," Qeol. Swr. Mem., p. 91.
80
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Between Kinghorn and Charlestown in Fife, great changes
in the lithological character of the strata supervene, and, as will be
subsequently shown, the different limestones in these two districts

cannot be correlated with confidence. The bed adopted as the
base of the Carboniferous Limestone Series at Charlestown has
been correlated on the south side of the Firth of Forth with that

at Whitebaulks, and the latter has been followed at intervals

along the strike as far as Bathgate with considerable certainty. The
tracing of this base-line has been aided by the almost continuous

outcrop of the Hillhouse and Petershill Limestone for more than
four miles between Hiltly and Bathgate. South of Bathgate the

volcanic rocks disappear, and at the same time the limestones change
their characters, which increases the difficulties in their correlation.

In this southern area, the limestone at Cobbinshaw, which has been
identified with the Hurlet, has been taken as the basal bed of the

Carboniferous Limestone series.

It is necessary to bear in mind that subordinate beds of marine
limestone occur considerably below the base of the Carboniferous

Limestone series in West Lothian as well as elsewhere, and that

there is no palaeontological break at the base. c. t. c.

The geological structure of the shale measures of West Lothian

and the adjoining part of Mid-Lothian presents certain general

features which may now be briefly indicated. Throughout the

greater part of the region the strata are arranged in a series of

sub-parallel folds, the axes of which generally run in a N.N.E. and
S.S.W. direction, whereby the oil-shales are spread over a belt of

country several miles in width. These arches and troughs are

traversed by several more or less powerful faults, traceable for miles,

which, at certain localities, produce large displacements of the strata.

The Main Faults.—In this district there are four important
dislocations, all of which have a general easterly or north-easterly

trend, and, with one exception, have a common downthrow to the

north. The detailed mapping of the region has proved that though
they profoundly affect the geological structure of the various mining
districts, the axial folds can in many cases be traced across their

path.

The most northerly one, the Ochiltree fault, whose downthrow
is to the south, begins a short distance to the south of Wester
Ochiltree, and, passing north of Duntarvie and Dalmeny Church,
enters the Firth of Forth at Drum Sands. The next dislocation is

the Middleton Hall fault, which originates near Dechmont House
and extends eastwards by Middleton Hall to Ingliston. Still

farther south we find the Calder fracture, which begins to the north

of Baad's Mill, and passes by the south of West and Mid-Calder in the

direction of Currie. It is regarded as a south-west branch of

the Colinton fault. The fourth important line of disruption is the

Murieston fault, which bounds the north side of the Wilsontown
coal-field, and enters Sheet 32 to the west of Cobbinshaw reservoir.

It truncates the volcanic rocks of Corston Hill on the north and
joins the Calder dislocation near Dalmahoy House.

The Main Flexures.—On the north-west side of the West Cairn

Hill in the Pentland Chain the Upper Old Red Sandstone and

6
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Calciferous Sandstone strata dip gently to the north-west for about

three miles from the watershed, where they form the southern limb of

a shallow syncline extending from Cobbinshaw reservoir to Dalmahoy
Hill. Here the trough bends to the south-east round the Haugh Head
arch and forms what may be termed the Balerno basin. North of this

fold between Corston Hill and Selms the cementstones and the higher

beds of the Upper Old Eed Sandstone are again brought -to the

surface by a fold, which is truncated by the Murieston fault.

The mnst prominent of the anticlinal folds is that of Pumpherston,
about midway between the Firth of Forth and Cobbinshaw
reservoir, in the centre of which lie the lowest workable oil-

shales, in the form of a narrow ellipse, whose major axis runs north

and south for two miles (see Sheet 32). On either side of this arch

the strata form deep synclinal folds. The eastern basin, which
underlies the drift-covered plain of Drumshoreland Muir, trends

southwards for three miles to Mid-Calder (Fig. 7, p. 88). The
western trough, extending from Pumpherston beyond Houston
Wood to Dechmont, is broad and deep, being covered in the centre

by a sheet of intrusive dolerite 200 ft. thick. This basin, which
has an outcrop of the Burdiehouse Limestone on either side, runs

northward for a distance of three miles from the river Almond at

Livingston to Uphall.

North of the Middleton Hall fault the Pumpherston anticline is

continued in the low arch that extends from Broxburn to Niddry,
and the deep basin that stretches northwards from Middleton Hall
to Newbigging is beyond doubt the northern prolongation of the

trough west of Pumpherston. The eastern trough is represented

by the shallow basin which has been proved by mining operations

to occur at East Mains.

North of the Ochiltree fault, the well-marked anticlinal fold at

Hopetoun House and the adjoining Duddingston basin to the east

may be the northern continuations of the Pumpherston and Mid-
Calder flexures respectively (Fig. 9, p. 96).

In the southern portion of the district, between Livingston and
Cobbinshaw reservoir, the West Calder shale-field is of great

economic importance owing to the repetition of the various oil-

shales by folding and faulting. The principal tectonic features

are two deep basins at Polbeth and Hartwood respectively, with an
intervening low anticlinal ridge at West Calder village.

Along the western border of this district the members of the

Oil-shale group roll over an anticlinal fold which has been traced

from West Harwood northwards by Burngrange, Mid-Breich,

Dechmont, and Hangingside to Philipstoun Mill, where with a low
pitch to the north-east it disappears.

Cementstone Group.

The members of the Cementstone group and associated volcanic

rocks occurring within this district may be arranged in the follow-

ing descending order :

—

d. Dark grey shales containing [remains of fishes, plants, and entomostraca

;

black shales with fireclay and ironstone bands, coarse sandstones, and
cementstone bands with intercalated beds of tuff.
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c. The volcanic rocks of Corston and Torweaving Hills representing the later

part of the volcanic series of Arthur's Seat.
6. Conglomerate, purplish, red, j'ellow, white, and grey sandstones containing

plant remains, with grey and green shaly partings.

a. Hard calcareous shales, soft red and green marls, with ironstone and cement
bands.

(a) An excellent section of the lowest subdivision is laid bare

in the Linhouse Water to the north and west of Blackraw and
about a mile and a half south of Mid-Calder. The lowest beds

exposed are not far above the quartz dolerite sill of Selms which
has been injected near the base of the Cementstone group. In this

stream the strata present the characteristic features of the cement-

stones of Ballagan type, and are succeeded by a prominent bed of

hard conglomeratic grit. North-eastwards red and green marls

are to be found in the Gogar Burn, but between this point and
the junction of the Mid-Calder and Murieston faults there are no

exposures of strata on this horizon.

On the south side of the Cobbinshaw and Dalmahoy syncline the

members of this subdivision are laid bare near the head of East

Colzium Burn, where the red and grey marls contain cement bands,

one of which was sufficiently thick to be quarried for lime.

Along the north-west slope of the Pentland Hills exposures of the

basal portion of the cementstones are rarely met with, and hence

the base-line of the Carboniferous rocks represented on the map
is here to a certain extent conjectural. They are laid bare, however,

in burns draining into Threipmuir reservoir from the south-east

and round the Clubbiedean reservoir, where they resemble lithologi-

cally the strata on this horizon in the city of Edinburgh. At the

latter locality they contain a marine band, to which reference was
made in the previous edition of this memoir.*

(6) In the Linhouse Water the band of hard grit at the top of

subdivision (a) is followed by red and green marls which pass

upwards into purplish, red, and yellow sandstones (b) with a fine

brecciated conglomerate containing fragments of the Lower Old Eed
Sandstone volcanic rocks of the Pentland Hills. This conglomerate,

which has been traced to the east of Corston Hill, passes underneath
the representatives of the volcanic series of Arthur's Seat.

On the south side of the Cobbinshaw and Dalmahoy syncline

this subdivision is only exposed in two sections. In the Mid-
Crosswood Burn, red and grey sandstones underlie the volcanic

zone of Torweaving Hill, and between Harperrig reservoir and Dean
Burn there are a few exposures of shaly sandstone and blue shale.

J. s. G. w.

(c) As already indicated, the lavas and tuffs of Corston Hill point

to the existence of a volcanic centre in that neighbourhood which
was active about the same period as the Arthur's Seat volcano and
produced a similar suite of rocks.

Here again coarsely porphyritic basalts are found associated

with fine-grained non-porphyritic mugearites. All the specimens
examined microscopically from this area belong to either one or

the other of these two categories with a predominance of the

* " Geology of the Neighbourhood of Edinburgh," Me.m. Geol. S^ir., pp. 18
and 144.
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mugearite type.* Fuller investigation in the future may prove

that some of the rocks, which have been provisionally classed with

the mugearites on the ground of their field characters alone, may
belong to some other group.

Owing to the synclinal structure of this part of the area, the

volcanic rocks possess a double outcrop open to the west and con-

verging to the east, and in part truncated to the north by the

Murieston fault.

The greatest development occurs in the Corston area. The
local base of the series is exposed in the Linhouse Water, half a

mile west of Corston farm, where a mugearite lava rests on a con-

glomeratic grit, which in turn overlies a typical development of

clays and cementstones. Immediately to the east a porphyritic

basalt with conspicuous felspar phenocrysts forms the base of the

series for a distance of two miles, and gives rise to the conspicuous

escarpment of Corston Hill figured by Sir Archibald Geikie.f

The basalt is capped along its course by a succession of mugearite

lavas which have been traced farther to the east than the basalt and
extend in this direction at least as far as Newlands. The upper
portion of the series, consisting also of mugearites, is exposed in the

Linhouse Water and in the small tributary from the east in the

neighbourhood of Midton. Northwards three lava flows of similar

character, separated by thin bands that resemble flow-breccias, but
may be true ash deposits, crop out in the railway cutting. A little

farther to the west the Murieston Water exposes the top of the

volcanic group consisting of a mugearite lava with a ropy and much-
involved upper surface overlain by alternations of sandstones and
ashes containing fragments resembling the lava. These are in turn

overlain by sandstones, dark shales, and ironstone bands.

Similar ashes are exposed at a bend of the Linhouse Water a little

to the north of the line of the Murieston dislocation. Viewed in

connection with the overlying strata, it seems probable that this

exposure belongs to a small inlier of the Corston Hill volcanic rocks.

This inference is supported by the absence of oil-shales and the

Burdiehouse Limestone in this neighbourhood as shown by bores.

On the south side of the syncline of which Corston Hill is the

northern limb, the volcanic rocks are much less fully represented

and are separated by considerable masses of sediment, showing that

the volcano to the north had a long period of existence. The lowest

volcanic rocks here exposed are- mugearites forming the Torweaving
and Black Hills (see Sheet 32). A good example of a slaggy

mugearite of this band is seen near the junction of the burns at East
Colzium, where it is underlain by an important sandstone with clays

and cementstone bands. Near Colzium the mugearites pass under
a porphyritic basalt resembling the lowest bed of Corston Hill. At
a higher horizon, and separated from the mugearites of Torweaving
Hill by sedimentary strata, there occurs an apparently isolated, very
slaggy, porphyritic basalt. After another considerable interval,

probably occupied for the most part by sedimentary strata, a thick

bed of tuff is exposed in the Crosswood Burn resting on a

" Localities from which specimens of mugearite have been obtained and deter-
mined microscopically are referred to in Chap. XV. p. 322.

t
" Ancient Volcanoes of Great Britain," vol. i. p. 373.



Cementstone Orov/p—Oil-Shate Group. 85

conglomeratic sandstone. It is overlain by sandstones and shales

containing a coal seam that has been proved by boring to be
75 fathoms beneath the " Raw Camps " Limestone, identified with
the Burdiehouse Limestone of the Mid-Lothian Coal basin.

East of Colzium, the volcanic group is only traceable by means
of isolated exposures as indicated on the map by a broken line. The
evidence, though very fragmentary, shows that there is a great

attenuation of the volcanic products in this direction.

B. N. p.

(d) The highest members of the Cementstone group in this area

are found above the volcanic rocks of Corston Hill in the Murieston
Water at Skivo. They consist of fossiliferous grey and black shales

with intercalated ash beds and one thin limestone of Burdiehouse type,

which dip below thick grey and yellow sandstones with fragments of

coal similar to those of Granton. At Little Vantage bands of

cementstone with grey blaes rest on coarse pebbly sandstones. In
the Green Burn, south of East Newton, light brown and yellow

sandstones with a thick cement band dip to S.E. On the north side

of Dalmahoy Hill similar sandstones were quarried together with

.two cement bands, which were burned for lime.

On the south side of the Cobbinshaw and Dalmahoy syncline in

the Shear and Crosswood Burns, green, grey, and purple sandstones

with varying dip are overlain by coarse conglomeratic sandstone con-

taining fragments composed chiefly of radiolarian chert. In the Cross-

woodBurn this conglomerate was quarried at the foot of the water tower
in the Crosswood reservoir and used in the building of the walls that

surround this sheet of water. In the Shear Burn a bed of sandstone

rests upon this conglomerate, which in turn is covered by a fine,

greenish grey, well-bedded tuff, containing fragments of cementstone
with plant remains. It probably represents the top of the Arthur's

Seat volcanic zone. A fault with a downthrow to the north repeats

this bed at the junction of the Shear and Crosswood Burns. It is not
seen to the north of this locality, but the underlying conglomerate has
been traced to near Camilty Mill.

In the Water of Leith, 400 yds. east of Haugh Head farmhouse,
there is a good exposure of a coarse conglomerate with numerous
fragments of radiolarian chert and other rocks, similar to the

bed already described in the Shear Burn. It is overlain by a bed of

ash covered with red and yellow sandstones of considerable thick-

ness, and green and purple marls with hard calcareous sandstones.

In the burn south-west of Cockburnhill the same ash bed and con-

glomerate are again exposed dipping to E.S.E.

The ground between Camilty and Wester Causewayend has been
pierced by numerous bores, and the strata between these two points

may represent the upper portion of the Ballagan beds with several

thin coals.

The Oil-Shale Group.

The order of succession of the strata composing the Oil-shale

group and its impprtant zones are shown in the vertical section

Fig. 2 (p. 52). At present no bands are worked below the horizon of

the Pumpherston Shales, though several seams of inferior value occur

in the lower subdivisions down to the Granton Sandstone.
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In the economic memoir on " The Oil-Shales of the Lothians

"

(1906), detailed descriptions with horizontal sections were given of

the various shale-fields, which need not here be repeated. It will be

sufficient for our present purpose if we select for special reference

the shale-fields of Pumpherston and West Calder and the shore

section on the south side of the Firth of Forth, as illustrative of the

geological structure and development of the workable oil-shales.

The three lowest subdivisions of the group—the G-ranton Sand-
stone, Wardie Shales, and Hailes Sandstone—are not typically repre-

sented in this district. In the Murieston Water, the highest members
of the Cementstone group are overlain by thick sandstones with
pebbly bands, which probably represent the Granton Sandstone.

This arenaceous zone contains a thin coal, has a general dip to the

south-west, and is repeated by a fault. At Broadshaw Bridge' these

sandstones dip below black and green sandy shales with plant

remains which represent the lower portion of the Wardie Shales.

These shales and sandstones are repeated by a fault, and, in a short

distance, a second . dislocation brings up the sandstone which
continues with undulations as far as the bridge across the Murieston
Water, about a mile up stream from Broadshaw.

In the Shear Burn, a coal seam, six inches thick, associated with
fakes and sandstone, occurs 20 ft. above the volcanic ash, and
this seam has been proved by boring to lie 75 fathoms below the

Burdiehouse Limestone. It has been traced to Crosswood Burn
House, where a bore has proved that a second thin coal occurs nine
fathoms above it. These coals are probably on the horizon of the
thin seam associated with sandstones in the Murieston Water.

Between the Linhouse Water and the outcrop of the Burdiehouse
Limestone at Harburnhead no natural section is available, but the

ground has been extensively bored south-west of Harburn and
around Camilty Hill.

The lowest beds at Camilty Hill are fakes, blaes, and bands of

sandstone with a bed of conglomerate and a limestone two feet thick.

At Harburnhead these appear to be covered by a series of blue

shales with ironstone bands followed by thick sandstones. Higher
up we find a mixed series of fakes and shales with one thin band of

limestone, above which come two beds of conglomerate overlain by a

succession of blaes and fakes with three thin limestones. Between this

horizon and the base of the Burdiehouse Limestone, sandstones, sandy
fakes with shales and three thin limestones intervene. This series of

strata, about 400 ft. thick, comprises beds from near the base of the

Burdiehouse Limestone down probably to the horizon of the Wardie
Shales without any representative of the Pumpherston Oil-Shales.

AREA SOUTH OF MID-CALDEE BETWEEN THE MURIESTON AND
CALDER FAULTS.

The strata exposed in the Linhouse and Murieston Waters between
the Calder and Murieston faults to the south of Mid-Calder lie below
the Burdiehouse Limestone. In the Linhouse Water the lowest

member is the bed of soft green and yellow felspathic ash which
dips to south-east a little below the Oakbank Oil Works. As already

indicated, it probably represents the upper limit of the volcanic rocks
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of Oorston Hill. The ash is succeeded by 300 ft. of thin sandy
shales, cementstones, and sandstone bands with plant remains, and
these beds may be correlated with the highest beds of the Cement-
stone group. These strata dip beneath thick white sandstones with
shale and ironstone partings, which are regarded as the equivalents

of the G-ranton sandstones. Before the establishment of the Oakbank
Oil Eefinery this sandstone group was extensively quarried to within

a short distance of the Murieston fault, which is well exposed in the

bottom of the ravine and brings the upper portion of the Granton
sandstones against the basement beds of the Cementstone group.

Just beyond its northern exposure in the Linhouse Water the

ash bed is intersected by a fault with a downthrow to the

north ; but the Granton sandstones, with pebbly bands and a bed
of grey limestone with oolitic structure, all dipping in an easterly

direction, occupy the stream section to the Calder fault.

Between Hoghill and East Langton several trial pits have been
sunk, which proved black shale, probably representing the position

of the Wardie Shales, in a shallow syncline, and, at the latter spot,

the sandstones again rise to the surface.

KIVER ALMOND SECTION FROM CLIFTON HALL TO ALMONDELL.

From the railway viaduct near Clifton Hall to where the

Burdiehouse Limestone crosses the river Almond at East Calder,

there is an excellent exposure of the strata for some distance below
the Burdiehouse Limestone. Between the viaduct and the bend of

the stream below the canal aqueduct a broad band of black shales

crops out along the western bank. The bed of the river is occupied

by a basalt sill intruded along the bedding planes of the shales,

which are burnt. These strata represent the upper portion of the

Pumpherston Oil-shale group and dip below shales with ironstone

bands succeeded by sandstones with partings as far as the second
basalt sill, which lies to the south-east of Illieston. Erom this point

to the sharp bend in the stream to the south-west of Illieston the
section is composed of black shales with ironstone bands and nodules
containing fish remains with a few thin beds of sandstone. From
the Pumpherston Shale position at Lins Mill to this point, the dip,

with the exception of one small fold, is to the west, and here the

top of the Pumpherston Shales probably lies 350 ft. below the bed
of the stream.

In the portion of the river between the bend south-west of

Illieston and the ford, flat beds of brown sandstone, shales, and
sandy fireclay are seen, and from the ford to the next bend at

Drumshoreland Muir no strata are visible. In this part of the river-

course the dip must be to the east, for just opposite Almondell the
highest oil-shale band of the Pumpherston group appears. This bed
sharply rolls over to the west, and there is a steady ascending
section as far as the outcrop of the Burdiehouse Limestone to the
north of East Calder. The lower portion of this part of the section

is a repetition of that already described on the east side of the
syncline, and the upper portion consists of thick beds of brown, grey,

and flaggy sandstones, succeeded by bands of kingle or indurated
sandstone, and shales with ironstone and fake partings.
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PUMPHEESTON SHALE-FIELD.

One of the most perfect anticlines of the shale measures is the

arch of Pumpherston, which brings to the surface the lowest pro-

B
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M
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ductive seams as yet worked in the Lothians. This field is of

exceptional geological interest, as it defines the position of the
Pumpherston Shales relatively to the Burdiehouse Limestone.

The only natural section in this district is the outcrop of the
oil-shales and underlying beds in the Caw Burn, but the structure

of the field has been thoroughly proved between Powflats and
Pumpherston by the numerous mines, pits, and bores which have
been driven, sunk, and drilled over this area.

Between the Edinburgh and Bathgate Kailway and a point to

the north of Pumpherston farmhouse the anticlinal axis runs almost
due north and south. About 700 yds. to the north of the latter

locality the beds begin to pitch to the south, and in the shale

workings the inclination reaches an angle of 25° to 30°. Hence the

shale outcrops on each side of this fold wheel round rapidly to

the south and meet each other about 400 yds. to the north of the

farmsteading.

On the north side of the Pumpherston Oil Works the beds begin

to pitch to the north about 500 yds. from the Edinburgh and
Bathgate Eailway. At this end of the arch the angle of pitch is

low, and hence the east and west outcrops of the five seams forming
the Pumpherston Shale group spread out as they bend round the

northern portion of this fold.

On the west side of the arch the dip of the Burdiehouse

Limestone is 45° for a vertical distance of 680 ft. from the

surface, and at this point, without any break, the limestone and
Barracks Shale become first flat, then gently rise with an easterly

dip and appear on the west side of the Houston Wood basin

(I'ig- 7).

On the east side of the Pumpherston anticline the dip at first

is not so steep as on the west side. Not far below the surface this

inclination rapidly increases, and where the strata plunge under the

west side of the Olapperton Hall basin, the beds become vertical and
for some distance are inverted.

Section of Pumpherston Shale-field compiled from Pumpherston Bores.

Ft. In.

Shale, Barracks 7

Limestone, Burdiehouse . . . . . . . . . . . . . . 20
Strata—chiefly sandstones, some of the beds 18 ft. thick, with fakes

and thin limy sandstone partings . . . . . . . . . . 330
Strata—chiefly hard fakes and dark blaes with ribs. A few thin

sandstone beds intervene . . . . . . . . . . . . 126
Shaly blaes and thin bands of oil-shale, very inferior quality . . . . 8

Strata—chiefly hard fakes and dark blaes with ribs . . . . 106
Strata—dark blaes, faky blaes withiaky sandstone partings . . 210

Oil-Shalb No. 1, or Jubilee Seam
Blaes

Oil-Shale No. 2, or Maybrick Seam
Blaes and balls with ribs

Oil-Shalb No. 3, or Curlt Seam
Fakes and blaes.

.

Oil-Shalb No. 4, or Plain Seam
Blaes

Oil-Shale
Blaes with ribs

7

14
5 3

13 6i
7 5|

22
7 8

2 8
1 5
5 10
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1905-6 by the hand rig diamond boring machine between the
Burdiehouse Limestone and the Pumpherston Shales. These showed
that for 200 ft. above the shales the beds consist of dark faky
shale with oil-shale streaks and faky sandstone partings, which are

succeeded by over 200 ft. of hard fakes and dark blue shales with
ribs or "kinglestone." Near the centre of this series, or 456 ft.

below the Burdiehouse Limestone, lies a band of fissile shale 8 ft.

thick, with thin plies of oil-shale of very inferior quality. For
330 ft. below the Burdiehouse Limestone the strata are chiefly

sandstones, some of the beds attaining a thickness of 18 ft. The
Burdiehouse Limestone is not exposed around the Pumpherston
anticline, but its position has been defined by numerous bores, and
on the west side of this fold it is about 20 ft. thick.

, WEST CALDEK SHALE-FIELD.

The West Calder shale-field includes the area that is bounded
on the east by the Murieston fault and on the west by the outcrop

of the Hurlet Limestone. It displays the sequence of workable oil-

shales from the Burdiehouse Limestone to the base of the Car-

boniferous Limestone series, as shown in the subjoined table.

General Section of West Calder Shale-field.

Hurlet Limestone and CoaI;.

Strata—blaes, ironstone ribs, thin coals, with bands of pebbly sand-

stones .

.

Raebtjrn Shale . .

Strata—blaes, fireclay, fakes, and ironstone bands, 126 ft. to

MuNGLE Shale, 1 ft. 7 in. to

Strata—blaes, fakes, fireclay, and ironstone bands .

.

Two-Foot Coal, 7 in. to

Strata—104 ft. to

Grey Shale
Strata—fireclay, with blue partings .

.

Houston Coal in bands, 4 ft. to

Strata—thin laminated sandstone, dark flaky blaes, and clayband
ironstones, 150 ft.

Fells Shale, 2 ft. 6 in. to . . . . . .

Strata—Broxburn Marls, 250 ft.

Broxburn Shale, 4 ft, to

Strata—including Hermand or Binny Sandstone
Dunnbt Shale, 6 ft. to

Strata

Shale (New ?)

Strata—green felspathic sandstones, with conglomerate bands and
shale partings, about .

.

Barracks Shale , . . . . .

Burdiehouse Limestone

Ft. In.

450
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Burdiehouse Limestone. — On the

east side of this field the Burdiehouse

Limestone, 40 ft. thick, is exposed in

the railway cutting at Blackmire. It

is a typical freshwater limestone, and
is overlain by 500 ft. of strata com-
posed of green felspathic sandstones

with fine conglomeratic bands and
shale partings. The limestone is re-

peated by a north-easterly fault, and
crops out in the Harwood Water
above Limefield House with the Bar-

racks Oil-Shale from four to six feet

thick.

Bunnet Shale.—In the Harwood
Water 600 ft. of siliceous strata with
beds of green and red marls separate

the Burdiehouse Limestone from the

Dunnet Shale. There is an excellent

exposure of this seam in the stream to

the north of Hermand House, where it

is covered by the characteristic Dunnet
Marls. In a mine to the north, this

shale shows the following section :

—

pq Roof, shaly blaes.

Shale, plain

„ curly .

„ plain .

Pavement, blaes.

Ft. In.

4 4
2

2 8

9

Birmy Sandstone.—The Dunnet Shale

is succeeded by the Binny Sandstone,

about 400 ft. thick, which consists of

thick beds of sandstone resting upon
and overlain by black shales with iron-

stone and faky bands. In the Broxburn
district these shales are represented by
marls.

Broxburn Shale.—The outcrop of the

Broxburn Oil-Shale is not seen in the

Harwood Water, but in a mine near

Chapelton the following is the measured
section :

—
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A glance at the map shows that this shale comes to the

surface to the south-west of West Calder upon the centre of an
elongated anticlinal fold. This portion of the Broxburn seam has

been recently opened out. At first it proved irregular, but when
followed to the dip the quality of the oil-shale improved. These

shales have always been of an inferior quality in the West Calder

district. The average thickness of the Broxburn seam is generally

less than three feet with a yield of about 20 gallons of oil per ton.

In the district around Burngrange several bores proved a coal, two
inches thick, beneath the shale.

Broxburn Marls.—The Broxburn Marls, estimated to be 250 ft.

thick in this district, are not exposed in the northern portion of the

West Calder field, but on the south side of the Calder fault there is

a good section of them in the Harwood Water just above the point

where the stream is crossed by the West Calder and Harburn
road. Here the beds are chiefly bluish and greenish grey shales

and marls, with numerous bands of shaly sandstone, alternating

with ribs of hard cementstone, which vary in thickness from

one to three feet. Towards the top of these marls, shales with

ironstone bands occur together with a bed of coarse dark lime-

stone, yielding Lepidodendron, fish scales, and entomostraca. At
the top of these shales lies the well-known cream-coloured un-

fossiliferous limestone which constitutes the index to the Fells

Shale.

Fells Shule.—To the north-east of West Calder this seam fills a

shallow basin towards the centre of which there are several faults which

proved very troublesome to mining operations in the past. North-

west of the village another basin has been largely mined, where

this seam, about four feet thick, was found to consist of soft and hard

bands. Here the Fells Shale has been worked across an anticlinal ridge

which does not bring the shale to the surface. The flexure is

accompanied by a want and several minor folds. No information

has been obtained regarding the area to the south-east of West
Calder, and the shale outcrop as shown on the map is there

indefinite.

The Fells Shale, known in the early stages of the oil-shale

industry as the " Thick Shale of Addiewell," has always been the

principal oil-producing seam in the West Calder district. It varies

from 2| to 3^ ft. in thickness, but in some portions of the field

reaches 7 ft.

In sinking a pit to this seam near Blackbrae, a fossil tree was
found standing erect, which was 20 ft. in length, and at the base

measured 18 in. in diameter. The centre of the fossil was sandstone,

and the outer portion consisted of carbonised wood.

Houston Coal.—A section in the West Calder Burn, south of

Burngrange, shows that thin laminated sandstones with shale

partings separate the Fells Shale and Houston Coal. A pit sunk
to the oil-shale 25 yds. to the west of the coal crop reached the

shale at 32 fms., and, allowing for dip and rise, the vertical distance

between shale and coal is 150 ft.

On both sides of the Breich Water this coal was at one time
extensively worked along its outcrop between the Blackbrae and
Mid-Breich faults. Its general thickness was about six feet with
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one foot of stone in the centre. At Gavieside the coal has the follow-

ing section :

—

Roof, fireclay.

Coal
Coal and blaes

Coal
Parting

Coal
Mudstone

Coal
Parting

Coal

Pavement, fireclay.

Ft.
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ribs, fakes, and fireclay lie between this seam and the Kaeburn
Shale.

Raeburn Shale.—In the early stage of the oil-shale industry in

the Addiewell district the Eaeburn Shale was known first as the
" Dam Shale," and afterwards as the " Upper Shale of Addiewell."
These are now correlated with the Raeljurn Shale.

Hoof, blaes.

Shale, curly

„ plain

Fireclay

Blaes .

,

Shale

Pavement, fireclay.

Ft. In.

1 8

9

3
5

3

3 4

A section of this seam is given in the memoir on " The Oil-Shales of

the Lothians," p. 24. The one above is from the same locality, and
shows a slight difference in the sequence.

In the river Almond, on the west side of Hopefield Mills, a bed of

ash lies a little above the Eaeburn position.

The Eaeburn Shale and the Hurlet Coal are separated at Addie-
well by 75 fathoms of strata, which consist of shale with ironstone

ribs, several thin coals, a freshwater limestone, and a few beds of

sandstone, some of them coarse and pebbly. The freshwater lime-

stone, which lies about 120 ft. below the Hurlet Coal, is exposed on
the south bank of the Breich Water below Addiewell Bridge in two
leaves, the largest not more than one foot thick,accompanied with coaly

blaes. At South Cobbinshaw a bore close to the reservoir passes

through two thin limestones and a coal, 150 ft. below the Hurlet Coal.

In the river Almond the strata between the Houston Coal and
the Eaeburn Shale are not seen east of the bridge south of Hope-
field Cottage, and this gap is estimated to contain 430 ft. of strata.

About 300 yds. west of this bridge, and about 100 ft. vertically

below the Hurlet Limestone, there is a marine limestone, one foot

thick, with abundant remains of encrinites, which is underlain by an
inferior oil-shale with ironstone bands, and overlain by sandstones.

SHORE SECTION BETWEEN WHITEHOUSE POINT AND MIDHOPE BUEN.

The coast section between Whitehouse Point and Midhope Burn
at Abercorn is the best natural exposure of the oil-shale measures
of the Lothians. It begins with strata 500 ft. below the Burdie-
house Limestone, and shows the sequence of the beds upwards to

the base of the Broxburn Marls.

Between Whitehouse Point and Port Edgar there is a compar-
atively shallow basin two miles broad, in the centre of which the

strata form a compound syncline with the Broxburn Marls as the

highest beds. On the west limb of the compound fold South Queens-
ferry is situated. From Springfield to Banks the strata fold over a

very flat anticline, and near Society they pass into a deeper eynclinal

fold, which, for descriptive purposes, is called the Duddingston basin.

West of this point is the well-marked Hopetoun anticline with

its centre near Hopetoun House, whose eastern limb is steep, and
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the western^ after undulating gently for some distance, maintains a

steady dip to the mouth of the Midhope Burn where the rock section

terminates.

At Whitehouse Point the beds above the intrusive sill of Mons
Hill are estimated to lie 555 ft. below the Burdiehouse Limestone.
These consist of greenish grey shales, which, after a considerable

gap, are succeeded by beds of sandstone, on one of which stands

Long Graig Pier. Above these sandstones lies a bandof oil-shale, 6 ft.

thick, whose position is calculated to be 90 ft. below the Burdie-
house Limestone, which at this point forms the "Long Eib,"—

a

conspicuous reef on the shore section. Here it is a cream-coloured
rock, 7 ft. 10 in. thick, with a thin parting of bituminous blaes, whie}a,

dips to the west at an angle of 45°, but this high inclination is not

maintained for any distance as the beds soon resume their normal
dip of 15° to 20°; The Burdiehouse Limestone here rests on limy
and bituminous blaes with a curly oil-shale of good quality, and in

the past it was quarried both on the shore and at New Gardens,

Next in order come bituminous and alum shales, 14^ it. thick,

followed by 11 J ft. of oil-shale. The top and bottom of this oil-seam

are particularly rich, the upper portion containing strings and pieces

of bitumen. It is succeeded by 78 ft. of black bituminous shales

with thin limestone and ironstone bands overlain by an oil-shale, 8 ft.

thick, with a calcareous roof. These two oil-shales above the Burdier

house Limestone are of excellent quality and may be correlated with
the Barracks Shale.

The upper oil-shale is surmounted by a thick sandstone series

followed by three thin limestones associatedwith faky shales and bands.

Dwnnet'Sliale.^This shale together with its characteristic marl
appears immediately below the Forth Bridge, but the section is

partly obscured by a small fault. It is computed to lie 341 ft.

above the Burdiehouse Limestone.*
Binny Sandstone Series.—Above the Dunnet Shale come 300 ft,

of brown, white and yellow sandstones— the local representa-

tives of the Binny Sandstone series. On the west side of the
Queensferry basin near Port Edgar these sandstones were at one
time extensively quarried for rubble work, and, on the shore to the
west of the town, an impure calcareous band about four feet thick
forms part of this series. A similar band is found in the West
Calder district at this horizon. As already mentioned a compound
syncline occupies the centre of the Queensferry basin, and at the
" The Craigs," midway between the pier and Newhalls, is situated

the anticlinal axis which separates the two synclinal folds.

Broxburn Shale;— This shale rests on the Binny Sandstone
series, and is exposed on the shore just below the east wall of

Queensferry harbour, and also on the opposite side of the west
synclinal fold near the church. Here it is 7 i ft. thick, but inland in

the railway cutting it measures 9 ft.

Dunnet Shale.—This shale is not visible on the west side of the
Queensferry basin, but it is probable that its outcrop lies on the,

west side of the slip pier inside Port Edgar, and runs south-east as

indicated on the one-inch map,
* Foi; details see Vertical Section, Whitehouse Point to South Queensfptry,

" The Oil-Shales of the Lothians," Mem. Geol. Sur., p. 74,

7
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Barracks Shale.—The railway section begins at Port Edgar about

twenty feet above the Burdiehouse Limestone with bituminous

shales intersected by a thin " white trap " dyke. These bituminous

bands represent the position of the Barracks Shale, and are succeeded

by black shales with thin limestones and ironstone nodules. Next in

order comes a grey calcareous sandstone, 18 ft. thick, overlain by
black shales with cement ribs. These beds above the sandstone dip

north-east at an average angle of 14°, and in the cutting are 275 ft.

thick, so that the Dunnet Shale position must lie a short distance

to the east of this rock section.

A considerable difference is observable between the lithological

characters of the strata on the west side of the Queensferry basin

and those on the east side from the Forth Bridge to the " Long Eib."

In the latter section nearly one-third of the sediments is siliceous

while in the railway section the proportion is one-seventh, which
clearly indicates shallow water conditions on the east side and deeper

water sedimentation on the west.

Burdiehouse Limestone.—On the west side of Port Edgar is situ-

ated the outcrop of the Burdiehouse Limestone, formerly mined
between the shore and Echline. These workings were known as the

Dundas Limework, and the seam varied from six to nine feet, was
dark in colour, and contained some iron. It formed three beds

dipping to E.N.E., and was crossed by a dyke of so-called " sandstone

conglomerate" divided in the centre by a vein of spar containing

galena.

West of the outcrop of the Burdiehouse Limestone for about
200 yds. no rock is visible on the shore till sandstones with an
easterly dip appear at the junction of the two roads. This gap is

quite sufficient to contain the strata, together with the two oil-shales,

which occur below the limestone on the east side of the Queensferry

basin. The sandstones at the two roads overlie a dolerite sill of no
great thickness, and dip first to east and then roll over at a gentle

angle to the north-west. From the mouth of the Linn Mill Burn to

a point south of the Hopetoun sandbank these sandstones, which
are there about 200 ft. thick, form the eastern limb of the

Duddingston basin, and , they probably represent the beds at Long
Craig Pier east of Queensferry. South of Hopetoun bank they are

overlain with beds of bituminous shale and pass beneath the Burdie-

house Limestone.

Beyond these sandstones, on the shore north-east of Banks the

Burdiehouse Limestone occurs in three leaves, is of the dark type

and weathers with a bright yellow oehreous coating. Above the top

bed there is a gap representing 8 ft. of vertical thickness, which has

the appearance of being quarried, but, if limestone beds have not

been removed, it may represent the position of the alum shale on
the east side of the Queensferry basin. Above this gap comes the

Barracks Shale consisting of lOJ ft. of mixed oil-shale and blaes.

To the N.N.E. of Banks a calcareous sandstone crops out on the shore,

and between this horizon and the Burdiehouse Limestone 225 ft. of

strata occur, chiefly composed of beds of sandstone. At this point a
small strike fault, with a displacement to the west, probably throws
down the Dunnet Shale which will account for its absence in this

part of the coast section.
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Binny Sandstone Series.—Between the calcareous band N.N.E.

of Banks and the west end of Society village, ripple-marked sand-

stones with carbonaceous streaks occupy the shore section. At first

these beds dip west, but after minor undulations they incline in an
easterly direction near Society. In this portion of the section they

surround a small oval-shaped mass of a dark greenish felspathic

agglomerate, which, from its mode of occurrence, probably represents

an ash neck.

Bunnet Shale.—At Society the Dunnet Oil-shale lies at the base

of the Binny Sandstone, where it is separated into two beds, each

about 5 ft. thick. The lower of the two is of excellent quality and

rests upon a black carbonaceous ironstone full of fish remains.

Dunnet Marls.—The top Dunnet Oil-shale has a calcareous roof

covered by 22 ft. of shale succeeded by 30 ft. of marls with limestone

bands—representing this horizon.

In 1901 the landward outcrop of the Dunnet Shale was proved

by the Dalmeny Oil Co., and was found to follow very closely the old

quarried outcrops of the Burdiehouse Limestone on the west side of

the Duddingston basin. A diamond bore drilled to the north of

Crawstone near the centre of this basin passed through the Binpy
Sandstone, and at 324 ft. proved the Dunnet Shale to be 12 ft. thick

;

it further proved at a depth of 570 ft. from the surface the Barracks

Shale and the Burdiehouse Limestone below.* The Dunnet
Shale on being tested yielded 27^ gallons of crude oil and fully

35 lb. of sulphate of ammonia per ton.

On the shore section already described, the beds which separate

the Burdiehouse Limestone and the Dunnet Shale on the east side

of the Duddingston basin are chiefly yellow and white sandstones

estimated to be 225 ft. thick. But in the Crawstone diamond bore

a great change takes place in the strata above the limestone. This

bore is only 700 yds. from the shore, and its record shows that the

sandstone beds are represented by limy fakes and blaes in the

proportion of 1 to 5 in a total thickness of 221 ft.

The measured shore section on the west side of the Duddingston
basin, and on the east limb of the Hopetoun anticline, extends

425 yds. to the west of Society and nearly reaches the centre of the

Hopetoun arch.f On the shore the thickness of strata between the

Dunnet Shale and the Burdiehouse Limestone is estimated at 343 ft.

as compared with 221 ft. in fhe Crawstone bore. Here again there

is a remarkable difference in the nature of the strata intervening

between these two horizons. On the coast section three-fourths of

the beds are composed of siliceous materials and the remaining
portion of argillaceous sediments. In the Crawstone bore the

proportion of these two types of deposit is reversed. This differ-

ence of sedimentation within so short a distance, when viewed
in connection with the change already noted in the beds

above the Burdiehouse Limestone at Port Edgar, is worthy of

note, as it indicates a rapid alternation between shallow and
deeper water conditions within a very limited area. These shore

* For details of section in the Crawstone diamond bore, see " The Oil-Shales of

the Lothians," Mem. Oeol. Swr., p. 80.

f For details regarding the shore section on the east side of Hopetoun anticline,

see op. cit. p. 81.
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conditions are more highly developed to the north and east, and point

to a limitation of the oil-shale deposits in these directions.

Towards the base of the sequence on the east side of the Hopetoun
anticline there is an intrusive sill of white or yellowish igneous rock,

6 ft. thick, in two sheets with soft blaes between, which has cavities full

of bitumen, like those noted in the Broxburn section. If this intrusive

mass is the same as that exposed at the mouth of the Linn Mill

Burn, it here occupies a slightly lower position. Below the sill on
the Hopetoun shore we find about 50 ft. of shale, bituminous shales,

and 8 ft. of a hard black limestone with worm tubes, which, when
dissolved in hydrochloric acid, is found to be rich in lime. It evolves

a considerable quantity of sulphuretted hydrogen gas, and leaves a

fine black carbonaceous residue.

From Society village to a point above the black limestone all the

strata dip steadily to east, but where this bed appears the direction

of the dip changes slowly to west by north. Hence the axis of this

fold is well defined.

The limestone charged with worm tubes lies 259 ft. below the

Burdiehouse Limestone, and beneath it come shales with oil-shale

and cement bands, which graduate downwards into shales with hard
ironstone bands. These are the lowest beds exposed on the eastern

limb of the Hopetoun anticline, and their position is calculated to be

342 ft. below the Burdiehouse Limestone.

On the west side of the Hopetoun anticline* and a short

distance above the worm tube limestone, the sill with bitumen
is seen resting on a few feet of oil-shale of inferior quality. For
100 yds. across the strike the shore is covered with mud, and the first

beds seen are shales with bands of oil-shale and thin limestones.

Calcareous shales with limy bands separate these from the Burdie-

house Limestone, 32 ft. thick, which has here a brecciated and fiinty

base, while its upper portion is a dark limestone full of plant and
fish remains. Several minor folds carry the bed along the shore for

150 yds. just below high-water mark, where it resumes its normal
strike and passes inland on the west side of Hopetoun House.

Scattered heaps of debris on this part of the shore indicate where
the Burdiehouse Limestone has been quarried, and beyond these

heaps the Barracks Shale, 10 ft. thick, mixed with sandy shales, crops

out on the shore. Westwards a good many gaps occur with sand-

stone beds at intervals till the Dunnet Shale is reached, which is well

exposed on the shore to the E.N.E. of the old Castle of Abercorn.

It is a rich band, 16 ft. thick, and contains plant remains.

Binny Sandstone.—Yellow and grey faky sandstones with several

gaps represent the next 308 ft. of strata, and on a sandstone pavement
rests the Broxburn oil-shale.

Broxburn Shale.—This seam, 16 ft. thick (with a thin cement
parting), contains entomostraca together with abundant fish remains.

The roof consists of a dark limestone, 1 ft. thick. Next in order

come 60 ft. of calcareous and siliceous beds (with gaps) which probably

represent the Broxburn marls. A succession of false-bedded, flaggy

sandstones, 138 ft. thick, completes the section to the Midhope Burn.
J. s. G. w.

* For detaUs regarding the shore section on the west side of the Hopetoun
anticline, O'p. cit. p. 83.
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DEUMCEOSSHALL TO WESTEE OCHILTEEB.

From Drumcrosshall the crop of the Houston Coal trends in a

north-easterly direction and, after being thrown by a fault towards

the west near West Bangour, runs towards the north. In draining a

field half a mile west of Blackcraig, the coal crop, together with the

overlying Houston marls and Two-foot Coal, was found running

obliquely up the slope of the hill in a IsT.N.E. direction.

From here the crops, together with that of the ash above the

Two-foot Coal, swing round to the east and then back again to

N.N.E. just before they reach the Uphall fault. Beyond the fault

the crop is shown by old workings as far as the Ecclesmachan

fault, which throws the crop some distance to the west. The -old

crop workings are again seen in the neighbourhood of Wester

Ochiltree.

An excellent section of the ash above the Two-foot Coal is exposed

in the Brox Burn below the reservoir for the Bangour Asylum. The

ash is succeeded by blaes with bands of bituminous shale and some

sandstones. Above the latter there follow a green ash and then the

basaltic lavas, which are a southward prolongation of the Eiccarton

Hills basalts. H. b. m.

WESTEE OCHILTEEE AND KINGSCAVIL DISTEICT.

The Fells oil-shale is not seen to the west of Wester Ochiltree

but it probably occurs on both sides of an anticline that repeats

the Houston Coal, a seam which was formerly worked in a basin to

the east of Wester Ochiltree, but details of the old workings are not

available. Towards the west the outcrop of this coal is fairly well

defined by old crop workings ; it runs through a plantation 540 yds.

W.S.W. of Wester Ochiltree and can be traced running slightly east

of north as far as the Haugh Burn alluvium, after which it is not

seen again south of Kingscavil.

On the east bank of a stream south of the road, half a mile west

of Wester Ochiltree, the Two-foot Coal was sought in a, trial hole.

On the west bank a low cliff shows several feet of dark carbonaceous

shales containing cyprids and coprolites of Bhizodus (?). At the

junction between these shales and the bed of ash above, there is a

good deal of disturbance, as is usual near boundaries of different

texture. The thickness of this ash is not less than 50 ft. Search

has evidently been made for the Two-foot Coal below, but with what
success we do not know. The tuff can be traced northward to the

Haugh Burn, being seen 600 yda. east of Eiccarton, whilst another

trial hole to the coal is seen close by ; the outcrop then swings

round, bearing N.N.E. and is seen once more in a stream passing

through a wood 450 yds. south of Haugh Burn; some oil-shales

farther down this stream may occupy the position of one of the

upper seams.

North of Haugh Burn, neither shales nor coals are recognised,

and a large fault proved in the Champfleurie workings perhaps

traverses part of this ground and shifts the outcrops to the east on
its northern side.

At Kingscavil Quarry—in beds lying between the Two-foot Coal
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and the base of the Carboniferous Limestone series—the following

section is seen :

—

Ft. In.

Boulder clay

Broken sandstone .

.

. . . . .

.

. . . . 6
Dark shales with septaiia . . .

.

. . . . 15

Sandstone, flaggy at base .

.

.. .. .. .. 11 6
Blue shale . . . . . . .

.

. . . . . . 10
Coal 6

Sandstone, main bed .

.

.

.

.

.

.

.

. . 50
Sandy shales . . . . . . . . . . . . 5

North of Park some borings were made in 1897 in search of this

sandstone, and another of earlier date in the same locality passed

through a bed of sandstone 76 ft. thick, but with too many thin

partings to be workable. Above this, a coal is said to have been
found while making the foundations of the canal bridge. The strata

between the Houston Coal and the limestone at Carsie Hill *—which
is taken as the base of the Carboniferous Limestone series—appear
to be mainly arenaceous, but some thin bands of limestone also occur,

the chief of which is exposed 400 yds. up the Eiccarton Burn, and
consists of a thin lower bed and an upper one, 3J ft. thick, separated

by an obscure interval in which there is room for 5 or 6 ft. of

strata which are not seen. Brachiopods occur in the upper bed.

Fragments of a similar limestone were obtained from an excavation

at Eiccarton, but we are not justified in supposing this bed to be the

limestone which occurs in the stream, repeated by faulting and
folding. Calcareous bands occur among the sediments seen in the

vicinity of the necks 900 yds. slightly east of north from Eiccarton.

It is on this calcareous horizon that the first lavas (Longmuir
Plantation group) are seen 800 yds. south of Eiccarton, and above
these, in the stream 200 yds. south-west of the road, a remarkable
breccia of siliceous character is found ; the fragments are angular and
are either hard and sandy, or soft—the latter may be white trap.

This breccia may possibly have some connection with the early

eruptions or it may be a crush breccia belonging to some fault of

small size.

Of the rocks between the northward prolongation of the Eiccarton

Hills lavas and the line chosen as the base of the Carboniferous

Limestone series, we have little evidence; 300 yds. south of

Whitebaulks a sandstone is seen on the road, and it is stated that

coal has been obtained in small quantities near this spot. This

appears to be the seam underlying the limestone at Whitebaulks.

G. w. G.

BLACKNESS AND KINGSFIELD AREA.

In this area, extending along the south side of the Forth from
Blackness westward to the neighbourhood of Stacks and inland to

Kingsfield, no rocks are exposed except along the shore on the west

side of Blackness Bay, in small outcrops on the present beach.

Among them is a limestone, compact and creamy with occasional

pink blotches, which weathers into small knobs and seems to be

about two feet thick ; it appears to contain no fossil remains except

some obscure rootlets, and is perhaps of fresh-water or estuarine

• Carsie Hill is not marked on Sheet 32 ; it lies 380 yds. east of Cauldhame.
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origin. It somewhat resembles the limestone at the Limekilns Golf
Course, on the north side of the Forth, which is estimated by Mr.
Maufe to be perhaps 160 ft. below the bed taken as the base of the

Carboniferous Limestone series in that locality. Both a little above
and a little below the Blackness Limestone soft yellow false-bedded

sandstones occur ; the lower is probably at least 40 ft. thick and is

underlain by dark grey shales and flaggy sandstones.

The beds described have a north-easterly dip, but, a little distance

west of the exposures, they probably roll over and dip north-west
beneath the beds referred to the Carboniferous Limestone series.

A boring, the position of which is supposed to be about a quarter

of a mile S.S.E. of Cauldcoats, pierced an impure limestone which
may possibly represent the Blackness bed. It is 3 ft. 5 in.

thick, including a shale parting in the middle, and was met at a

depth of 26 fms. from the rock surface.

The journal of another bore, the position of which is about 400
yds. W.S.W. of Merrylees, records a depth of more than 49 fms.,

and a considerable thickness of marls which may be the Houston
marls. The rocks first met with probably belong to a position

considerably below the Blackness Limestone. They consist of sand-

stones and fakes, together more than 14 fms. thick, and may
possibly represent the thick sandstone quarried near Pardovan.

c. T. c.



CHAPTER IX. ,

CARBONIFEROUS LIMESTONE SERIES OF THE COBBINSHAW,
BATHGATE, BO'NESS AND' CHARLESTOWN DISTRICT.

This district comprises a narrow belt of country extending . from
Cobbinshaw and Addiewell in the south to Bo'ness and Carriden in

the north, together with a small area on the north side of the Firth
of Forth at Charlestown and Limekilns., The portion of the county
of Fife that projects southwards into Sheet 32 was not included in

-the scheme of revision of the Carboniferous Eocks of the Lothians, as

.the geology of that area was described by Sir A. Geikie.in the memoir
on Central and Western- Fife.. But the adoption of the West Kirkton
and Tartra'ven Limestone as the representative of the Hurlet Lime-
stone necessitated the re-examination of the shore section west of

Eosyth where the Petershill Limestone had been mapped as the

basal member of the Carboniferous Limestone series.*

The three groups of the Carboniferous Limestone series, together

with various details regarding their development in this district, are

given in the subjoined table

—

3. Upper Limestone group, with three or four thin marine limestones and sonle

thin coals. Near the Forth it appears to be more than 800 ft. thick, biit

farther south it becomes much thinner. At Hilderston, rather more than
three miles north of Bathgate, it is only 446 ft., even with the inclusion

of a considerable thickness of igneous rock.

2. Bo'ness and Bathgate Coal group. A thick series of sandstones and shales

with valuable coals corresponding to the Edge Coals of Mid-Lothian. The
thickness, including volcanic rocks, near the Forth, amounts perhaps to

950 ft. At and a little south of Bathgate, in an area where the volcanic

rocks are not quite so well developed 'as near the Forth, the thickness is

about 750 ft.

1. Lower Limestone group, with various marine limestones, some of which are

of considerable thickness. In the Bathgate Hills, where the volcanic rocks
are strongly developed, the thickness is perhaps nearly 1000 ft. Near
the Forth the group is almost free from volcanic rocks, ajid its thickness is

probably not much more than half this amount. In the Cobbinshaw and
Addiewell district, also, it cannot much exceed 500 ft.

The character of the series as a whole differs remarkably from that

in Mid-Lothian owing to the intercalation of great thicknesses of

igneous rock with the sediments. Near Linlithgow, and for four

or five miles to the south the igneous rocks are so largely developed

that the Bo'ness and Bathgate Coal group is of little or no economic
value.

We shall now proceed to describe the different rock-groups in

detail, taking first the Lower Limestone division, and advancing from
* " The Geology of Central and Western Fife and Kinross,'' Mem. Oeol. Bur.,

1900, p. 89.
104
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south to north through the different areas in which the district has
been divided for descriptive purposes. c. T. c.

Lower Limestone Group.

COBBINSHAW AND ADDIEWELL AREA (Sheet 31 in part).

The Cobbinshaw-Hurlet Limestone enters Sheet 32 at the south

end of Cobbinshaw Eeservoir. Immediately below the limestone lies

the Cobbinshaw Coal,* which has been wrought over this portion of

the field from Viewfield coal pit, situated just outside the limits of

the Sheet. In this working the limestone formed the roof, and the

section was as follows :

—

Ft. In.

Blae3 .

.

Limestone
Black blaes .

.

Coal
Pavement—blaes

Ft.
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outcrop is interrupted by several faults, but, from the west side of

Addiewell Chemical Works to Addiewell Bridge, the position of the
limestone is again indicated by a chain of abandoned quarries. On
the south side of Addiewell Bridge the limestone and coal were
wrought together opencast and afterwards by shallow pits, which
gave the following section :

—

Ft. In.

Limestone . . . . . . . . . . . . ..40
Blaes 16

Coal 5 6

In the Breich Water just above the bridge the outcrop of the lime-

stone is repeated by a small fault. Between Addiewell Bridge and
Blackburn Hall, the limestone has not been wrought, but the under-

lying coal has been opened out to the north of Cuthill and found to

be four feet thick.

Several limestones occur above the Cobbinshaw-Hurlet Limestone
in the burn opposite the shooting lodge on Pates Hill ; two of which
are thin, weather with a calmy yellow crust, and are separated by
18 ft. of black shale with ironstone nodules. The lowest band is

one foot thick and the upper, four to five feet, and, when fresh, each is

a solid blue-black limestone. These limestones are estimated to lie

about 450 ft. above the Cobbinshaw-Hurlet Limestone. A short dis-

tance up this stream there are old limestone quarries all grassed over.

On the south side of the large east and west fault that crosses

Leven Seat (one-inch map 31), one of the last-mentioned limestones

is exposed along the crest of an anticlinal fold, and is in two leaves.

On the east and west sides of the plication two small streams show
that about 190 ft. of black shale separate this limestone from two
higher ones. In the middle of this shale lies a rough ironstone which
has been wrought opencast. The two higher limestones appear on
the east side of the arch, about a mile and a quarter from the south-

west corner of Sheet 32.

The best section of the Lower Limestone group is exposed in the

Breich Water. Here the beds overlying the Cobbinshaw-Hurlet
Limestone are shales and soft flaggy sandstones with two coal seams

one of which has been wrought. About thii'ty feet above the highest

of these seams a grassy hollow with limestone fragments marks the

position of the first limestone above the Cobbinshaw-Hurlet. The
interval between this old quarry and the intrusive sill shown on the

map is occupied with bands of shale and faky sandstone. The
section in the main stream ceases with the igneous intrusion but is

continued in the Skolie Burn, at the mouth of which, and for some
distance to the south, two bands of limestone, one foot and five feet

thick respectively, and separated by nine feet of fossiliferous shale, all

dipping to west, are well exposed. These limestones are estimated to lie

about 425 ft. above the Cobbinshaw-Hurlet, and are probably the

northern extension of the bands at Pates Hill. They are succeeded

by blue-black shales overlain by a dark limestone with a very fossil-

iferous shale. Above the limestone comes a considerable thickness

of blue-black shale with a nodular fireclay, on top of which is a dark

limestone, 2 ft. 10 in. thick. It seems probable that all these lime-

stones above the Cobbinshaw-Hurlet correspond to the Hosie Lime-
stones of Fife. The estimated distance between the top of the
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highest of these Skolie Burn limestones and the base of the Cobbin-

shaw Limestone is about 520 ft. J. s. G. w.

BATHGATE AREA (Sheet 31).

The next section to the north of the Breich Water (Sheet 31) is

furnished by the Almond, and presents a sequence agreeing exactly

with that occurring to the south. It affords no evidence of a transi-

tion towards the abnormal development which characterises the

group only one or two miles farther north, in the volcanic district of

the Bathgate Hills.

In the description of the Calciferous Sandstone series (p. 95),

mention has already been made of an encrinital limestone, one foot

thick, which is exposed in the Almond, 300 yds. above Hopefield Mills.

The section above this limestone is incomplete, but there is room for

severul hundred feet of strata between it and the Cobbinshaw-

Hurlet band, the latter being well exposed in the bed of the stream,

where it is an encrinital limestone similar to that of the Breich Water.

The underlying coal is not exposed in the burn, but the following

section is taken from the Eedhouse Colliery situated a 'little to the

north :

—

Ft.

Limestone
Parrot Coal
Free Coal
Gas Coal and ironstone balls

Cement and ferruginous limestone
Shaly sandstone

Coal
Wild Gas Coal

Hard brown sandstone

Sin. ^

!in.J

3
10
4
2

The section of the strata overlying this limestone in the stream is not

continuous, but for some distance it shows black shales and faky

sandstones : about 150 ft. above the limestone a thin impersistent

encrinital bed has also been recognised resting upon some faky sand-

stones interbedded between two thick black shales. Higher up the

burn a massive sandstone is exposed, a little below which a coal was
worked at the outcrop on the northern bank. This sandstone and
coal have also been recognised in the Breich Water to the south.

Almost directly above the sandstone comes a bed of encrinital lime-

stone, about eight feet thick, which closely resembles the Cobbinshaw-
Hurlet, but probably lies about 300 ft. above it. It has been wrought
on both sides of the stream, and is underlain by a thin coal.* The
exposure of this limestone in the Almond serves to supplement the

Breich section, for in the latter the position is only indicated by an
old quarry now completely grassed over.

At the present time there is no exposure in the stream to the west
of this limestone, but Sir A. Geikie mapped another thin band of en-

crinital limestone, 1^ ft. thick, which was exposed just to the east of the
" leckstone " quarry, and underlain by a coal eight or nine inches thick.

Moreover, a few bores put down in this locality indicate the presence

of at least another limestone, 8 ft, thick, which probably crosses the
* " The Geology of the Neighbourhood of Edinburgh,'' Mem. Oeol. Sur.,

1881, p. 55.
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stream a little west of Blackburn Bridge. A blackband ironstone
about a foot thick is recorded in the same bores about 27 fms. beneath
this limestone. There can be no question that these upper beds
belong to the group, already described, as occurring in the Skolie
Burn, the small tributary that joins the Breich Water near Addie-
well. No contemporaneous volcanic rocks are known in the Lower
Limestone group of the Almond section. The " leckstone " or picrite

of Blackburn was formerly described as a lava flow,* but it must no
doubt be classed with the picrite of Breich Water, which is now held
to be an intrusion (p, 281).

Between the Almond section and the Bathgate Hills the country
is covered with deep boulder clay, wide stretches of peat, and other

superficial deposits. In the first sections in the hill country, some
two miles north of the Almond, the beds of the Lower Limestone
group are so different from those just described that any correlation

of individual bands in the two areas can only be advanced with
considerable hesitation. Before attempting this correlation it will

be advantageous to refer to the northern succession.

In the West Kirkton Quarry, a mile to the east of Bathgate, a
marine limestone is exposed, the upper portion of which is interleaved
with beds of volcanic ash.f

The following section was recorded at the time of the original

Survey : J

—

Dark basalt (diabase).

Limestone, witb thin layers of greeii tuff.

Limestone in thick beds ; containing encrinites, Productus, etc.

Thin shale.

Green tuif.

Limestone, ashy, and especially fossiliferoua at the top, more shaly at

bottom.
Dirty green, fine-grained, well-bedded tuff, containing a thin bed or vein

of basalt 3 in. thick, and resting on a basalt sheet.

The upper ashy portion is about 15 ft. thick, and the limestone proper,

fully 10 ft. Large chert nodules occur sparingly in the limestone.

The physical conditions indicated by these deposits contrast strongly

with those shown by the underlying beds of the East Kirkton Quarry,

to be described later in connection with the volcanic group. In the

west quarry " we see still the same evidences of the ejection of volcanic

dust after the eruption of the basalt, but in place of the remains
of land plants, we have now abundant traces of marine life, producti,

spiri/ers, crinoids and corals; showing that the area had undergone
a submergence below the sea. . The siliceous matter occurs but

sparingly, although there is still abundant evidence of volcanic action,

the shells and zoophytes appearing not infrequently, to have been
destroyed by being enveloped in a thickening deposit of ash." §

The West Kirkton Limestone has been correlated with the

* Explanation of Sheet 31, Mem. Oeol. Sur., 1879, p. 24, and Sir A. Geikie's
" Ancient Volcanoes of Great Britain," 1897, vol. i. p. 419.

t Probably the first good account of the section was that given by Hay Cunningham
in his " Geology of the Lothians," 1838, p. 106, plate xii. fig. 3.

i Explanation of Sheet 31, Mem. Oeol. Sur., 1879, p. 19. The brackets in

which diabase is inserted appear in the original.

§ " The Geology of the Neighbourhood of Edinburgh," Mem. Oeol. Sur., 1861,

p. 51.
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Tartraven Limestone, which occurs farther to the north, and this

correlation seems well founded, being based upon the similar strati-

graphical position of the two with reference to the overlying

Petershill Limestone. The latter is an excellent horizon, and has

furnished invaluable assistance in unravelling the structure of the

volcanic range, for it has been opened up in a series of quarries

which extend without much interruption for about five miles. At
"West Kirkton the thickness of strata, including lavas, between the

two limestones may be estimated at somewhat over 300 ft. The
lower two-thirds of this sequence is composed mainly of basalt,

and the upper third, of sedimentary strata, the bottom 50 ft.

consisting chiefly of sandstone, as shown in a bore, the journal of

which has been communicated by the Bathgate Borough Council.

To the north of the road that crosses the Petershill Quarries

additional lava streams occur, and for some distance occupy the

position of the sedimentary strata just referred to, but, at the Knock,
sandstones reappear underneath the Petershill Limestone and
separated from it merely by a thin bed of ash.

The Petershill Limestone, being a thick bed, long worked and
richly fossiliferous, has been known since the earliest days of geology,

and is still a favourite collecting ground. The full thickness is. not ex-

posed in any of the Petershill Quarries but it was formerly * estimated

at about 70 or 80 ft. Its lowest portion is well seen in the Bathgate
Eeservoir just north of the Petershill road, and is remarkable for the

abundance and good preservation of its fossils. Bands of different

palaeontological character may be recognised, some consisting almoslj;

entirely of Lithostrotion, others of large cup corals, others again of

Productus giganteus, while more shaly layers are distinguished by the

abundance of Pterinopecten and other mud-frequenting forms. The
main mass of the limestone is less fossiliferous, but towards the

top a zone rich in Productus giganteus and another with abundant
encrinites may frequently be noted. A characteristic of one of the

upper zones is the frequent occurrence of chert in large irregularly

shaped masses, within which the more or less silicified remains of

encrinites and other originally calcareous forms can be readily

recognised. Dr. Crampton suggests that the. silica may have been
derived from sponge skeletons, which form an important though
rather inconspicuous element in the composition of the limestone.

In the Gallabraes Quarry, a little to the north, a persistent bed of

white sandstone rests directly on the limestone and is surmounted
in turn by a thick black shale. Farther north, before reaching the
Knock, and just south of where an east and west dolerite dyke
crosses the line of quarries, the sandstone extends into a curious

cavity in the limestone, and, till examined closely, presents the
appearance of a lenticular sill of " white trap." The same thin bed
of sandstone may be followed through the Silvermine Quarries to the

north and reappears at Hillhouse.

In the district of West Kirkton and Petershill it is impossible

to draw a line between the Lower Limestone group and the Bo'ness

and Bathgate Coal group. A great mass of basaltic lavas occurs

about this position, and the few intercalations of sedimentary material

exposed are devoid of special interest.

Op. cit. p, 64,
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important beds of marine limestone occur in the Bathgate Hills and
in the Blackburn-Cobbinshaw District, namely, the Petershill and
West Kirkton Limestones in the former, and an unnamed limestone,

together with the Cobbinshaw-Hurlet, in the latter. In both areas

the interval between the two limestones mentioned is about 300 ft.,

and it seems reasonable to correlate the one pair with the other.

This leads back to Sir A. Geikie's original view that the West Kirkton
band is the Hurlet Limestone of Cobbinshaw, and that the Petershill

bed is the unnamed limestone of the Almond section.* E. B, B.

TAETRAVEN TO HILLHOUSE.

Northward from West Kirkton, the lowest limestone is exposed
in a very poor section at Tartraven. Nothing is seen of the coal

said to exist below, and the blaes above is quickly succeeded by a

basalt. Beyond Tartraven the crop of the limestone is obscured by
drift until the quarry at Whitebaulks is reached.

The limestone exposed in the quarries at the Silvermine (Sheet

31) is obviously a continuation of the Petershill Limestone, and is

overlain by a similar series of sediments. Immediately above the

limestone comes a thin bed of sandstone succeeded by a thick series

of blaes, which pass up through faky beds into sandstone. In the

North Mine Quarry the beds above the limestone are different.

Besting on the limestone is a bed of fireclay with a layer of flattened

casts of Stigmaria on its upper surface. Next follows a grey mica-
ceous sandstone overlain by a blue and green ash and some blaes,

the latter being in turn covered by basalt. The limestone probably
passes through the swampy hollow running northwards from the
quarries, but it is not again seen at the surface before the Hillhouse
Quarries are reached.

At Wairdlaw, on the summit ridge of the Bathgate Hills, we
meet with a local lenticular limestone higher than the Petershill

Limestone. Whilst its horizon is evidently that of the Carriden and
Skolie Burn Limestones, its peculiar character and position amidst
basaltic lavas prevent an exact correlation being made. In the
abundance of Lithostrotion irregulare, the close-set stems of which
constitute entire layers of the rock, it differs from every other lime-
stone of the district, except the Lower Kinning Point Limestone of the
Charlestown district, which is also characterised by bands of Lithostro-

tion. The following section is seen in the quarry at Wairdlaw :

—

Ft. In.
Platy basalt

Blue blaes, dark and compact above,with Calamites, Productus
and scales of Palceoniscus

Limestone with some pyrites .

.

Dark blaes

Impure shaly limestone .

.

Rib of hard compact shale with crinoids
Limestone with shaly partings and band of Lithostrotion
Black blaes

Limestone with Lithostrotion .

.

Amygdaloidal basalt

* For further evidence upon this question see the description of the Low^r Lime-
stone group in the south-west of Fifeshire (p. 11 6 of this memoir),

1
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HILLHOUSE TO LINLITHGOW,

The lowest limestone of the series is that formerly worked at

Whitebaulks ; it is about ten or twelve feet thick, of a compact bluish-

grey texture with abundant fragments of small encrinites, and rests

on a seam of coal from eight to ten inches thick. Farther north, it

is. seen -dipping steeply to the west on the top and south side of

Carsie. HjII,* where it is a rusty crinoidal bed, 13 ft. thick, the colour

of which is due to weathering of chalybite ; when tested with hydro-

chloric acid it gives a yellowish liquid showing the presence of iron

in fair quantity ; the residue from solution is largely carbonaceous

with a little heavier matter. Some of this carbonaceous residue

is Seen under the microscope to consist of minute spheres abput

^^^ in. in diameter, which may be spores of some Carboniferous

cryptogam. The structure of the ground in which, this limestone

occurs is difficult to understand, as only 150 yds, to the east a bed of

limestone is again seen on the north side of the ridge dipping gently

to the east and overlain by cherts, which are also seen on this slope

about 100 yds. farther west. A small mound isolated by the

alluvium, 200 yds. north of this ridge, shows pieces of shale and
sandstone and small fragments of chert, but whether these are close

to. their source it is impossible to say; in fact, north of Carsie Hill

we have no evidence on this horizon. At Whitebaulks the limestone

is overlain by a black shale which is seen also above the bed at

Carsie Hill.

In a quarry on the south side of the road at Cauldhame a bed of

sandstone, over 50 ft. thick, is exposed without reaching the base,

and above it, some sandy shales ; this bed may be the upper part of

that once worked at Porterside and seen on the ridge east of Cauld^

hame, where it occupies most of the ground between the limestone

and the neck.

A bed of ash exposed on the road at Whitebaulks marks the

base of the largest series of eruptive rocks in the area. It continues

northward as far as Hillhouse, a little beyond which it ceases to be

distinctly traceable.

The Hillhouse Limestone is exposed west of the farms of Hill-

house and Whitebaulks in a long series of quarries, trending S.S.W.

for nearly half a mile, in which it has been extensively worked, but

is now no longer used. The beds exposed vary in detail from point

to point, but the section immediately south of the road a quarter of

a mile north-west of Whitebaulks may be given as a type, and is as

follows :

—

Ft. In.

Columnar basalt, intrusive
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Sandstone .

Sandy shale .

Dark shale .

Light clay .

Limestone

Ft. In.

2

5

1

1

The whole thickness of the limestone is not seen, but a section formerly

exposed at the north end of the quarries is said to have shown 30 ft.

of limestone and some shale below. The journal of a bore, put down
a little way north of the locality where the limestone is last seen

south of Hiltly, records 6 ft. of shale resting on 4 ft. of limestone.

This shale may be that below the limestone, just referred to ; so that

the total thickness of the limestone, including the shale associated

with it, may be 40 ft.

The limestone itself varies from band to band, being in parts

crinoidal, while in others it is richly coralline, containing both
solitary and colonial coral forms with occasional Productus and other

brachiopods. It hardly seems possible that such a thick bed of

limestone can exist farther north, for, in spite of the numerous
exposures around Hiltly, which reveal. a complex assemblage of

basalts and fragmental rocks, there is no evidence of any limestone.

A boring was made 350 yds. W.S.W. of the Manse, the journal of

which has been lost, but Mr. Wylie, the borer, states that it was
130 fms. deep and pierced a thick bed of limestone near the bottom.

During the making of the foundations for the Hospital west of

Linlithgow Poorhouse, a band of crinoidal limestone, about four feet

thick, was noticed by Mr. Cadell, which seems to be the limestone

passed through in the well at the St. Magdalene Distillery at a

depth of 66 ft., as a dip of 10° was found in the strata still exposed

near the Hospital. Should this dip continue, a thick limestone

lower down the well should crop out about a third of a mile east of

Clarendon House, where its hypothetical position is shown on the

map. This thick limestone is 220 ft. below the upper one, and it

may occupy the position of the Hillhouse bed.

G. W. G.

LINLITHGOW TO CARRIDEN.

The total thickness of the Lower Limestone group in this area is

perhaps 500 or 600 ft., but our knowledge of the lower strata is exceed-

ingly slight. Three limestones belonging to the group are seen on or

near the coast near Carriden : others in lower positions are recorded in

bore journals but never exposed in this district. The highest of those

visible on the shore is taken as the top bed of the Lower Limestone
group, and has long been known as the Carriden Limestone. In this

memoir it will be referred to as the Carriden Upper Limestone, to

distinguish it from the other two, which will be termed the Carriden
Middle and Lower Limestones.

Part of the Carriden Lower Limestone is seen on the shore a few
feet below the Carriden Volcanic Ash, about 300 yds. E.N.E. of Carriden

House : this horizon is only a little above the lowest beds of the

Lower Limestone group which are visible in this area. The basal

band, a hard calcareous sandstone with markings of Cauda-galli, is

overlain by six or seven inches of shaly crinoidal limestone, above

8
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which comes an obscure space in which additional calcareous bands

probably occur ; but the whole bed cannot exceed three or four feet

in thickness, as it must pass beneath the position of a thin coal seam
that was formerly exposed on the shore not far above the calcareous

sandstone.

In a boring near No. 9 Pit, Grange, the section of the limestone

and of the two calcareous bands below is recorded as follows :

—

Ft. In.

Limestone . . . . . . . . . . . . ..34
Black blaes 2 9

Limestone . . . . . . . . . . . . ..02
Dark fireclay . . .

.

. . . . . . ..11
Limy fakes - . . . . . . ..25

In a boring 100 yds. east of Carriden Church—usually termed
the Cuffabouts boring—the sequence recorded is somewhat similar,

namely :

—

Ft. In.

Limestone . . 3 1

Black blaes 2 3
Limestone ..04

From the above and other borings it is clear that at a depth of

about 200 ft. below the Smithy Coal there is an horizon, sometimes
more than 60 ft. thick, which contains several thin bands of lime-

stone separated by various sediments. It is probable that the

Carriden Lower Limestone forms the top of the calcareous horizon,

and that other limestones, not exposed in this area, occur a little

distance below it. The only beds seen at Carriden below this

limestone are sandstones with a parting containing a coal five or six

inches thick. The section somewhat resembles that in the railway

cutting west of Charlestown, where a limestone crops out between a

bed of ash and a coal with a fireclay seat. This limestone in the

cutting is supposed by Mr. Maufe to be about 160 ft. above the thick

Charlestown Limestone, and it is therefore doubtful whether any of

the bores at Bridgeness went deep enough to reach the position of

the latter, though the bore at Springfield, the journal of the lower

part of which has been lost, may have done so.

The thin coal under the Carriden Lower Limestone on the shore

is represented by a thicker seam in the Cuffabouts bore, where it is

composed of an upper part of strong coal, 18 in. thick, and an under
part of strong coal, 7 in. thick, with a one-inch parting of fireclay

between the two. In the bore near No. 9 Pit, Grange, on the other

hand, this coal appears to be represented by 25 in. of coaly blaes

merely.

Carriden Pit bore No. 1, on the foreshore about 516 yds. N.E. by
E. of Carriden Church, is supposed to have crossed, at a depth of

118 ft., an important fault—perhaps the east and west fault with

considerable downthrow to the north, which passes a little south of

Bridgeness. After crossing the supposed fault, the bore pierced a

two-foot coal, at a depth of 260 ft., and it seems probable that it is

in the position of the coal just alluded to in the Cuffabouts bore.

About 59 ft. below this seam the bore entered calcareous beds and
limestones which were proved to be more than 11 ft. thick without

reaching the base.
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At Carriden, the ash that comes above the little coal overlying

the Carriden Lower Limestone is probably 40 or 50 ft. thick, and
in Carriden Glen it is overlain directly by the Carriden Middle

Limestone, which also seems to contain some ashy material. This

limestone is crinoidal in the centre but only about 18 in. thick, and
it is not clear that it is represented in the adjacent bores.

Above the Carriden Middle Limestone in the glen come 12 or 14
feet of shale, followed by about 40 ft. of flaggy sandstone with thin

shaly partings, succeeded in turn by the Carriden Upper Limestone,

which in this locality seems only a foot thick. A better exposure of

this upper band is to be found in the old sandstone quarry a quarter

of a mile east of Carriden Church, where it is a foot and a half thick,

and rests on two feet of sandy clay. It weathers with a yellow

colour and contains some crinoid joints, but is not rich in fossils. It

seems to increase in thickness in a west or north-west direction, for

in the Cuffabouts bore it is stated to be 2 tp. 7 in. thick, including a

three-inch shale band, and in the bore near No. 9 Pit, Grange, it is

4 ft. 2 in., including a three-iach parting. In the last bore the

limestone is 90 ft. below the Smithy Coal.

Inland south of Carriden the only satisfactory information

obtained concerning this group is provided by a few bores. There is

no evidence that the Carriden Upper Limestone exists in this land-

ward area, and it seems probable that both it and the sediments,

which at Carriden come between it and the Carriden Middle Lime-
stone, are often represented by igneous rocks. In the journal of the

bore at Springfield the topmost rocks for 11 fms. are called fakes

and fireclay, and perhaps they represent the volcanic ash of Carriden

Glen. Below these comes an impure limestone, 2 ft. 4 in. thick,

which perhaps represents the Carriden Middle Limestone, and
at depths of 48 and 62 ft. farther down other impure limestones

occur, the top one, 25 in. thick, and the bottom one, 5 ft. 8 in. The
journal only extends 36 ft. below the bottom limestone, but it is

reported that the bore went to a depth of 60 or 70 fms. and cut a

five-foot seam of good limestone, as well as a thick sandstone over-

lying a little coal. It seems not unlikely that the five-foot lime-

stone reported may represent the thick Charlestown Limestone,

which has been so much quarried at Charlestown on the north
side of the Forth, and also the Hillhouse Limestone south-east of

Linlithgow.

Another bore, No. 1 Burghmuir, reached, at a depth of 305 ft.

beneath the rock surface, a four-foot limestone, below which came
dark blaes 3 ft. 8 in. thick, and then nine inches of lime-fakes.

It is probable that this bore started in beds below the lowest lime-

stone of the Springfield bore, and that the limestone pierced by the

Burghmuir Bore corresponds to the bed of limestone on the shore

near Charlestown railway station—the bed taken as the base of the

Carboniferous Limestone series in that locality—though the interval

between it and the next important higher limestone is greater than

that between the two limestones referred to at Charlestown. Before

reaching the limestone the bore pierced a sandstone, 78 ft. thick, and
an underlying thick shale with clay band ironstones : this thick

sandstone may represent the sandstone in the cliffs at Charles-

town above the limestone near the station. A little above this (hick
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sandstone, the bore records a bed of lime and iron, 11 J in. thick,

which perhaps represents one of the thin limestones seen at Charles-

town between the thick sandstone and the Charlestown Limestone.

We have, therefore, in this locality drawn the base of the Carbon-

iferous Limestone series at the base of the supposed outcrop of the

Burghmuir Limestone. C. T. C.

CHARLESTOWN AND LIMEKILNS (FIFE).

The acceptance of the Cobbinshaw Limestone as the basal lime-

stone of the Carboniferous Limestone series necessitated an altera-

tion in the lower limit of the series in the neighbourhood of

Charlestown, where the thick Charlestown Limestone has hitherto

been regarded as the base.

The Charlestown Limestone is distinguished from the other lime-

stones of the neighbourhood by its greater thickness (20 to 40 ft.),

the presence of cherts, and the abundance of Productus giganteus.

In precisely the same points it resembles the Petershill and Silver-

mine Limestone of the Bathgate Hills, and there can be little doubt
that they belong to the same horizon. In the large quarries the

Charlestown Limestone is succeeded by a thick mass of blaes, which
pass up through fakes into a thick sandstone, a succession which is

similar to that seen in the Silvermine Quarry, about two miles N.N.E.
of Bathgate (Sheet 31). Beneath the limestone in descending sequence
is a bed of shale, a foot or two thick, encrinital limestone two feet

thick, another bed of shale, and then a thin bright coal, which some-
times passes laterally into coaly blaes.

The limestone, which probably lies on the horizon of the Hurlet
Limestone of Cobbinshaw, is exposed on the shore below Charlestown
railway station in a small faulted down patch with quaquaversal dip.

It is a dark encrinital limestone, which lies about 150 ft. beneath
the Charlestown Limestone. By excavation into the beach the

following section was proved:

—

Blaes

Dark enortnital limestone
Dark blaes with fossils .

.

Goal, witli pyritous band
Fireclay .

.

Ft. In.

'.'.

!. 4
..4 6
.. 10

more tban 3

This limestone is seen again on the shore opposite the school

at Limekilns, whence its outcrop runs obliquely up the face of the
cliff behind the village and is then lost beneath the covering of

drift. It is exposed, however, on the east side of the Eosyth
anticline at the mouth of the old fireclay mine at Sunnybank, north
nf Tnverkeithing, and again at high-water mark a quarter of a

mile west of Eosyth Farm. At the latter place the limestone seems
to lie in a shallow basin, and is certainly faulted down against the
Calciferous Sandstone series both to the south and to the west.

From the black shales beneath the limestone Mr. Tait collected

a suite of fossils very similar to those found in the shale beneath
the limestone at Charlestown railway station.

This dark encrinital limestone is the lowest thoroughly marine
limestone in the district, and as it resembles in character and
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position the Hurlet Limestone of Cobbinshaw, it is taken as the base

of the Carboniferous Limestone series in this district.

The limestones, which occur at horizons above the Charlestown

Limestone, may be briefly described. The first of these is exposed

in a little syncline in a railway cutting three-quarters of a mile

west of Charlestown station, and lies about 180 ft. above the

Charlestown Limestone. The following section is shown' in the

cutting :

—



Ft.
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The Bank Head fault has a downthrow of 27 fms. to north, and
shifts the outcrops of the Wilsontown Main and G-as Coals on
the north side some distance towards the east. Farther north the

point where the crop of the Main Coal crosses the Skolie Burn is again

fixed by an " ingoing eye," and the overlying strata are well exposed
in the stream. This portion of the field was wrought as far as the

Woodmuir east and west fault, by several shafts, the deepest reachn

ing 52 fms. Coking ovens were built, and the Woodmuir Smithy
Coal produced a fair coke, but all the works are now dismantled.

On the south side of the Woodmuir fault the average dip of the

coal seams is 8° to 10° to W.N.W., but on the north side the

structure is somewhat diiierent. This fault has a downthrow of

at least 36 fms. to north, and shifts the outcrop of the Main Coal

nearly to Whole Stock, where the seam plunges down at an angle of

15° to a vertical depth of about 200 ft., and then changes to 3° and
continues so for over half a mile in the direction of the present

Woodmuir Bit. This field is at present wrought by the United
Collieries Co., by shafts sunk a little to the south-west of Longford
peat moss. A bore not far from the colliery gives the following

section :

—

Limestone, Index
Strata

Coal No. 1

Strata

Coal No. 2
Strata

Coal No. 3

Strata

CoalNo. 4, "China"
Strata

Coal No. 5

Strata

Coal No. 6 .

.

Strata

Coal No. 7

Strata

Coal No. 8 .

.

Strata

Coal, " Woodmuir Smithy "

Strata

Coal No. 10 .

.

Strata

Coal, " Lady Morton " 2 ft. to

Strata

Coal No. 12 .

.

Strata

Coal No. 13 .

.

Strata

Coal No. 14, "Craw"
Strata

Coal, Wilsontown Main

The China, Smithy, and Lady Morton are the seams wrought at

the Woodmuir Bit, the last at 51 fms. from the surface. The
shaft has been carried down to the Wilsontown Main. From the

above section it will be seen that there is a large number of thin

coals between the workable seams. One of these, No. 10, in the

coalfield not far to the north, attains a thickness of 2 ft. 3 in.

Ft.
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and is known as the Splint. As a general rule all the workable coals in-

crease in thickness towards the north, as the following table shows :

—
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lu the Lady Morton Seam at Poulshiels there is, near the base, a

band of wild parrot which varies greatly in thickness and quality.

The Wilsontown Gas Coal, which lies 25 fms. below the Main Coal, is

too thin to be workable: its position has been proved in bores to

the east of Longford and also at Foulshiels, where its average thick-

ness is 9 in. This seam has been correlated with the Lesmahagow
Gas Coal of Lanarkshire. At Foulshiels, the Balbardie Coal is not

workable, but is known to be 18 to 24 ft. above the, China Coal.

'

The quality of coal raised from these three collieries varies from
second to third class. Between each of the seams the thickness of

the separating strata also varies considerably. Between Longford

and the outcrop of the Wilsontown Gas Coal to the east of Wood-
muir a large number of bores have been put down, and these show
a total thickness of 525 ft. of strata between the Index Limestone
and the highest bed of the Lower Limestone group. J. s. G. w.

BATHGATE AREA (Sheet 31).

Excepting the presence of the Bathgate lavas, the Bo'ness and
Bathgate Coal group shows, in this area, a development very similar

to that in the country between Leven Seat and Foulshiels already

described. Here, also, the valuable coal seams occur only in the

upper portion of the group, which, fortunately, in the Bathgate area

is comparatively free from volcanic rocks.

Exposures are few, and to the south of Bathgate the only

surface indication of this division is the presence of a long

line of coal-pits, which have of late years shown a tendency to

advance ever farther towards the west, as the coals have been sought

at continually increasing depths. But from Bathgate northwards
the outcrop of the basalts underlying the workable coal seams can
readily be followed, while to the west occasional exposures of the

Index Limestone mark the limit in this direction of the surface

extension of the group.

For accurate knowledge concerning any but the volcanic portion

of the series, we are almost everywhere in this district forced to

rely upon mining information, which has been generously supplied.

The coal seams run almost due north and south with a dip

of about 25° towards the west. They are traversed by two east and
west dolerite dykes, and are displaced by a series of east and
west faults, whose downthrows are more often towards the south

than the north. The most important of the faults — that

against which the Bathgate Hills terminate on the south—'is

reckoned to have a downthrow of about 60 fms. to the south.

Until recently, accurate knowledge regarding the sequence
of the strata has been confined to the upper portion of this

division, which contains the workable coal seams of the area.

But in 190.3 * a bore was put down at Moss-side Colliery, east of

Durhamtoun, which has proved the whole succession from the

worked coals down to the Lower Limestone group. The volcanic

rocks were here found in greatly diminished proportion compared
with their development a short distance farther to the north, at

* Since the publication of H. M. Cadell's paper on "The Carboniferous Limestone
Coal-fields of West Lothian," Trans. Inst. Min. Engra., 1901, vol. xxii. p. 372.
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Bathgate, so that it is now possible to be certain for the first time
of the chief characteristics of the sedimentary sequence in this

neighbourhood. The most noticeable feature is that the upper sub-
division, which contains the four or five workable coal seams of the
district, corresponds closely to the Possil group* of the Glasgow
area, and is separated from the underlying comparatively barren
measures by a Parrot Coal which is almost certainly the same as the
Wilsontown and Lesmahagow Gas Coal of the south, and may also

be taken as the representative of the Gas Coal of the west country.
The Possil group in Linlithgowshire is, however, much poorer in

blackband ironstones than in the typical area near Glasgow, and
the underlying subdivision is in every way less productive than
in the west.

We shall first give the Moss-side section of this lower subdivision.f

Wilsontown Gas Coal.
Whinstone (basalt)

Blaes, fakes, and fireclay

WMnstone (basalt)

Slue blaes

Coal witb ribs .

.

Sandstone
Blaes

Coal
Blaes, etc.

Coal
Fakes and sandstone

Coal (burned) .

.

Sandstones with blaes

Sandstone
Blaes and balls

Coal
Blaes and sandstone ribs

Sandstone
Blaes

Brown rib

Limestone band .

.

Blaes and faky rib

Coal
Sandstone
Blaes and ribs .

.

Coal
Faky blaes and balls

Coal
Sandstone
Blaes
Irony rib

Blaes .

.

Sandstone
Blaes
Sandstone and fakes

Blaes and balls

/Limy blaes with shells.

\T0PM0ST HOSIB LlMBBTONE.

Ft.
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We may now pass on to consider the upper subdivision or Possil

group, the development of which in the neighbourhood of Bathgate
is illustrated by the following vertical section. The details down to

the Main Coal* were obtained from a bore put down a mile to

the west of the outcrop of the Index Limestone at Balbardie ; while,

between the Main and Gas Coals, the section is merely the upward
continuation of that quoted above from the joui'nal of the Moss-side

Boraf

Index Limestone.
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Blaes, fakes, and sandstone
Goal

Fireclay
Fakes and blaes

Coal
Fireclay
Fakes

Craw Coal, foul

Rocky plies

-Blaes

Main Goal—
Goal

Fireclay .

.

Goal

Blaes, coaly

Goal
Fireclay rib

Goal

Cement rib

.Goal

Sandstones with shales

Blaes ^

Ironstone
Blaes
Ironstone
Blaes

Ironstone

Brought forward

Maggie Bands

White Rib
Irony Band
Blaes
Grey sandstone

Coal (with two ribs)

Sandstone
Blaes (with iron ribs towards

Coal
Faky fireclay .

.

Sandstone
Blaes
Limy sandstone and balls

Faky blaes

Sandstone
Coal with ribs .

.

Blaes

Coarse sandstone

Blaes and balls

Sandstone
Fakes and blaes

Coal (Blind Coal t) ..

Grey sandstone and fakes

Whinstone (basalt)

WiLSONTOWN Gas Coal—
Parrot Coal mixed with Whinstone.

Ft.
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The whinstone beds in the foregoing sections consist of vesicular

olivine basalts, and most of them are no doubt lava flows. Some
of th«m, however, seem to behave as intrusions, and the G-as Coal,

where it was encountered in the Moss-side Bore, was found to be
pierced by ramifying basaltic veins, although, strange to say, the

quality of the coal does not appear to have been materially

impaired.

We now proceed to summarise in comparative tables Mr.
Cadell's main conclusions relating to the variations in the develop-

ment of the group which have been proved in the collieries at present

working in the district *
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detailed section. No parrot or cannel occurs with them in the

Foulshiels and Blackburn district, but farther north, at Bathgate,

it is found both with the Jewel, the China, and the Balbardie seams

;

but more particularly with the first and last named, which are in

consequence often termed the Big and Little Parrots respectively.

At the levels chiefly worked at present the Balbardie Seam is

especially valuable, and is accompanied by a blackband ironstone

which is wrought with the coal ; but trials made at greater depths
point to a deterioration in the quality of the seam towards the

west. In the old days of crop workings, moreover, this coal does

not appear to have been so much sought after as at present, for it

was the Jewel, and not the Balbardie, which was then known as

the "Parrot Seam." The following section of the latter is quoted

by Mr. Cadell from a report drawn up by David Landale in 1853,

relating to the old Hilderston Colliery, situated about a mile and
a half north of Bathgate.

In.

10

li
it

7

5
1

4

ê
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HiLDlRSTON COLLIBET.

Red Coal (Balbardie)

Strata
Black Coal (shaly)

Strata

Two-Feet Coal
Strata

Fiddle Coal .

.

Strata

Parrot Seam (Jewel)

Strata

Main Seam, with ribs

4 ft. to

Ft.

1

36
1

42
1

10
4

24
6

42
3

In.

9

8

4

10

HiLDEBSTON FaEM BoRE.
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passing a few feet of strata below the Index Limestone pierced 120 ft.

of " whin." Igneous activity continued until the close of the period

during which the productive measures were being laid down else-

where. G. w. G.

SCI/ENFUT OR FOUL COAL

/A/0£X LIMESTONE

i:Ar^jj<^

SfLlh/T COALiZ"
COflBIEffALL COAL 11"

UPPER IRONSTONEI'S"

'^/IVAS'wiTHlSOME^-

rHINj:SEDIMENTAHY^

PARTINGS'^^Z^>-

^ LAVAS J

WANDEBIJLG'COA L

LAVAS WITH,

SOME SEDIMENTARY

PARTINGS^

LOtVER IRONSTONE
SIX FEET SEAM S'

l"

EASTER MAIM CO/I

L

SMITHS COALZ'S"

CARRIDEN
UPPER LIMESTONE.

Fig. 10.—Generalised

Section of the

Bo'ness and Bath-
gate Coal Group
near Bo'ness (scale

200 ft. to 1 in.).

LINLITHGOW TO eo'ness (Sheet 31 in part).

In the northern part of the area this group
includes two chief divisions of coal-Learing beds

—an upper and a lower—separated by thick

bands of igneous rock, in places more than 300
ft. thick, most of which appear to represent lava

flows. The total thickness of the group, includ-

ing all the igneous bands excepting one, which
occurs in the lower portion and is certainly of

intrusive character, is about 1050 ft. This

estimate is made from the section in the Snab
Pit (No. 1), Kinneil, and from a boring put down
near No. 9 Pit, Grange. The thickness of coal,

including all seams not less than a foot thick,

amounts in these sections to 29^ ft., but it is to

be noted that the Wester Main Coal, a seam
which is in places thicker than any other but
only occasionally found, is not represented in them.

The accompanying generalised section shows the

positions and names of the chief coals in the

northern part of the area, where the coals are

best developed.

The strata between the Carriden Upper Lime-
stone—the top bed of the Lower Limestone group

—and the Carsey Coal are about 65 ft. thick, and
include a considerable proportion of shale and

various coals too thin to be worked. The Carsey

Seam is also thin, but is reported to have been

formerly worked near Carriden G-len, and two
day-levels have recently been driven for short

distances along it from the outcrop 200 and 250
yds. slightly south of east of Carriden Church.

At the m.outh of the eastern level a bright coal

at least a foot thick is exposed. In the boring

near No. 9 Pit, Grange, the section of the seam
is as follows :

—

Ft. In.

OoAL, strong .

.

. . .

.

..11
Shale 3

Coal, strong 7

Shales with ironstone balls overlie the coal,

and "fakes" and sandstone come below. In a

sinking ia No. 1 Pit, Carriden, the Carsey Coal is reported to be

32 in. thick, but much mixed with dirt partings : in a boring near

Muirhouses (south of Bridgeness) it was 18 in., and it is said to be

of the same thickness also in part of the deep Kinneil workings,

several miles west (the general direction of dip) of the outcrop.
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In the boring near N"o. 9 Pit, Grange, the distance between the

bottoms of the Carsey and Smithy Coals is about 24 ft., which is

somewhat larger than usual. In some places, for instance, the bore

near Muirhouses just referred to, an impure calcareous band, said by
Mr. Cadell to be an unfossiliferous marl, occurs a little above the

Carsey Coal.

The Smithy Coal is generally somewhat less than 3 ft. thick,

but often of good quality, particularly in the southern part of the

Kinneil workings, where it is at present being mined at a depth of

260 fms. below sea-level. It contains no anthracite as the name
would imply, but is a gaseous coal and is classed as a good house and
coking coal. In some parts of the Grange area it is too thin to be

profitably mined, the difficulties of working being increased by the

weakness of the roof which is formed of shale. But in other parts

of this area it has been found by boring to be better developed,

and new pits have lately been sunk to it both at Grange and
Carriden.

The roof of the seam has long been known as a pyritous

richly fossiliferous shale. It has this character in the Kinneil

workings, where the remains of Lingula mytiloides are especially

abundant for an inch or two immediately above the coal, but are

somewhat distorted. The seam has been worked on a small scale

at an abandoned mine about half a mile N.N.E. of Upper Bonny-
toun, where it has the usual roof and varies in thickness from two
to three feet.

The strata between the Smithy and the Easter Main Coals are

generally about 80 ft. thick, irrespective of an intrusive sill or

laccolite which often occurs with them, but in the mine near Upper
Bonnytoun the total interval, including a band of igneous rock, about
30 ft. thick, which is probably a lava ilow, is about 66 ft. Mr. Cadell *

states that a marine band, containing fish scales and Lingula squami-

formis, occurs in a shale 2 fms. below the East Main Coal in No. 6

Pit, Grange, and that it has also lately been met with in the new
sinkings (No. 1 and No. 2 Pits).

From the loose blocks carried to the shore from these sinkings,

Mr. Tait has collected the remains of various fossil fishes, which have
been named by Dr. Traquair as follows :

—

Pleuroplax sp., tooth.

Oracanthus armigerus Traq., teeth.

Tristychms minor Ptl., spine.

Me(ialichihys sp., scales.

Bhizodopsis sp., scales.

Strepsodus striatulus Traq., teeth.

Ccelacanthus abdenensis Traq., plates.

Elonichthys sp., scales.

Eurynotus crenatus Ag., scales.

Dr. Traquair states that " the above list is interesting as containing

Oracanthus armigerus and Godacanthus ahdenensis, characteristic of

some Lower Carboniferous fish beds, which, like the present one,

also contain abundant remains of Lingula squamiformis. Such beds

are the so-called bone bed at Abden in Fifeshire, and the shale in

* " The Fossiliferous Rocks of the Borrowstounness Coal Field,". TraJM. Qeol.

Soc. Edin., vol. iv. p. 321,

9
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connection with a seam of blackband ironstofie of the " North " coal

worked at Niddrie in Midlothian." (MS. note by Dr. Traquair.)

In the eastern part of the coal-field, the East Main Coal—a clean

house coal of very good quality^is from 3^ to 4^ ft. thick, and it is

being extensively worked under the Forth both at the Grange

(Bridgeness) and Carriden Collieries. Its somewhat splinty character

enables it to be mined in large blocks ; the roof is usually sand-

stone. In the western part of the district, however, in the Kinneil

Collieries, the quality is much inferior, and the seam is not worked.

Immediately above a thin coal, which lies 2 or 3 ft. above

the East Main in the Carriden Colliery, a band of shale, 2 or 3

in. thick, is crowded with Zingula squamiformis. This fossiliferous

horizon was sought in vain in the Bridgeness workings and in the

Furnace-yard Pit of Kinneil, though the thin coal is present in both

places.

The interval between the East Main and the Six-foot Seam
amounts to about 40 ft. at Bridgeness and Carriden, and in the Snab

Pit, Kinneil, to more than 53 ft. In the eastern part of the coal-

field the Six-foot Seam is sometimes called the Foul Coal, being split

up by partings of shale and fireclay to such an extent that it is not

worked. Farther west, however, at Kinneil, it is mined—most of

it as a steam coal—and the bottom part is an excellent Parrot, about

eight inches thick, which is sent up separately from the rest. The
usual section in the workings is

—

Ft. In.

Faky sandstone .

.

Shale 2 4
Coal 6

Fireclay 8

Fbeb Coal 16
Fireclay 4

Feee Coal 17
Sclit(blaes) ..0 4

Coal, with a seam of Parrot varying in thickness from to 10 in. 1 2

Faky fireclay

In the Carriden Pit a coarse sandstone usually lies two or three

feet above the coal, but sometimes comes down on or into the seam, in

which case it is mixed irregularly with stripes of coal, as if the

materials of the two beds had been jumbled together under water

before consolidation. The interval between the Six-foot Seam and
the seam of the Lower Parrot and Ironstone is but small. In the

Eed Coal Pit (a mile south of Bridgeness) it is only 6 ft. 3 in., which
is less than usual. The different bands of ironstone, and those

parts of the valuable gas coal that are thick enough to work, appear

to have been all removed, but it is advisable to record the sections

proved in some of the old workings. Mr. Cadell * gives the following

section from the Eed Coal Pit :

—
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He also states that the section in the Bridgeness workings in 1901

was as follows :

—

Ft. In.

Hard shale and kennel .

.

Common or Ceaw Coal
Shale

Coal, Pahrot
Shale and ironstone nodules

.. 1

1 ft. to 3
1 ft. to 1

The seam was also formerly worked fiom the Schoolyard Pit,

Bo'ness, underneath the sea opposite Bo'ness liarbour and dock, where
it gave the following section :

—

Ft. In.

Common Coal . . . . . . . . . . .. 3 in. to 10

Parrot Coal 1 ft. 3 in. to 1 7

Blackband Ironstone 3 in. to 10

In No. 9 Pit (Kinneil), about 250 yds.

the section showed the following beds :

—

north of Bonhard House,

Shale
Coarse Ironstone .

.

Shale
Foul Parrot Coal .

.

Brownstone Ironstone
Sandy fireclay

Parrot Coal
Blackstonb Ironstone (inferior in quality)

Dross Coal
Coarse fireclay .

.

Dross Coal
Black hard shaly sandstone

Dross or Foul Coal .

.

Sandstone

Ft.

.. 10

1

.. 3

.. 6
10 in. to

2 in. to

8 in. to 1

8 in. to

..

1

2

1

. . 9 in. to

2 ft. 2 in to

In.

6

8
3
3

6
10
6

6
9
6

It is stated that, in the abandoned pit near Upper Bonnytoun,
this seam is hardly represented, though the ironstone was of good
quality farther north-east between Bonsyde and Bonhard Mill. In

the Kinneil Collieries the position is marked by an impure ironstone,

2 in. thick, and some thin bands of rough coal which are too much
mixed with layers of stone to be workable. The shale above the

brownstone portion of the seam is said to have been richly fossiliferous

in No. 9 Pit, Kinneil, and the blocks of parroty shale in the waste
heap at the old pit mouth contain abundant specimens of Naiadites

obesa. The same fossiliferous horizon was also found in the Eed Coal
Pit, but it does not appear to be represented in the Kinneil and
Carriden workings. Mr. Cadell states that in No. 5 Pit, Grange, a
band containing a similar assemblage of fossils occurs a few feet

lower in stratigraphical position.

The beds between the Lower Parrot and Ironstone Seam and the
Eed Coal are about 97 ft. thick in Pit No. 6, Grange, and the upper
portion includes a thin coal called the Fireclay Seam, 14 in. in

thickness, and is underlain by a fireclay, 5 ft. 4 in. thick, which
was formerly worked.

The Eed Coal is now being mined under the Forth from No. 6 Pit,

Grange, where it is 3 ft. thick and is classed as a gas or house
coal of second-class quality ; above the seam comes a faky blaes (sandy

shale), 9 in, thick, and then a hard sandstone which makes durable roofs
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for the underground roads. This sandstone is rather more than

40 ft. thick, and is quarried along the outcrop half- a mile south of

Grangepans, where it is surmounted by a band of igneous rock that

probably represents a lava flow. As Mr. Cadell has pointed out *

this sandstone is not represented near Upper Bonnytoun, the Eed

Coal being there separated from the overlying lava only by a little

shale—sometimes less than 6 in. thick. The coal is exposed at the

mouth of an old day-level in this locality, where it is only 18 in.

thick and mixed with bands of dirt, but it is reported to be thicker

and better within the mine. In the Snab Pit shaft No. 1, a seam,

composed of 6 in. of coal at the top and 14 in. at the bottom,

separated by 16 in. of white calm (clay), lies immediately below a

thick bed of igneous rock. This seam may possibly be in the position

of the Eed Coal, but Mr. Cadell regards it as a representative of a

higher seam—the Wandering Coal, to be shortly described—because

a band of igneous rock, 4 ft. 6 in. thick, comes almost immediately

below it (see Fig. 10).

Most of the sedimentary partings separating the different bands of

igneous rock that come between the upper and lower coal-bearing

beds of this group cannot be traced satisfactorily, being either thin or

deeply covered by drift. In the Kinglass Pit (also called the Mingle

Pit, about 370 yds. slightly west of south of North Kinglass) the two

lowest whinstones are separated by a thin hard sandstone, called

" red-stone," and above them come 30 ft. of shale followed by another

bed of whin, about 20 ft. The " Wandering Coal " seems to have

been found almost by itself, apart from any other sediment, in a great

mass of whin and to have been formed of a local accumulation of

vegetable matter, washed down into an irregular hollow on the

surface of the underlying lava, which was shortly covered again by
another flow. It was first met in No. 3 Pit, Kinneil (about 230 yds.

south-east of the Newtoun cross roads), where it was 9^ ft. thick,

and of excellent quality, but disappeared rapidly, in distances

varying from 50 to 100 yds., in all directions from the shaft bottom.

In No. 18 Pit, Kinneil (Lothians Pit), its distance above the Eed Coal

is 158 ft. This seam was also found in No. 13 Pit, Kinneil (420 yds.

W.S.W. of No. 3).

Above the igneous material forming the roof of the Wandering

Goal comes another band of sediments, including the Wester Main
Coal, which also seems to have been entirely or almost entirely

worked out, though it was thicker and much more widespread than

the Wandering Coal. The thickness of this band averages perhaps 30

ft., but it is much thicker in some places, for instance in the Burn Pit

(near North Bank), and in the Mingle Pit (nearly half a mile north-

west of North Bank), which went down 144 ft. before it reached the

coal and pierced no whinstone above it. The following section is

taken f-rom No. 18 Pit, Kinneil (Lothians Pit):

—

Ft. In.

Freestone roof . . . . .

.

. . . . . . 40
Shale 9

Coal 14
Fireclay 10

* " Volcanic Kocks of the Borrowstounness Coal-Field," Trans. Edin. Qeol. Soc.

1880, vol. iii. p. 322,
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Ft.
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The Upper Ironstone Seam is only 4 ft. 10 in. above this coal, and

its average section is

—

Ft. In.

Coal 12
Stone-rib 9

Blackband Ironstone 15
It was formerly extensively worked from the Snab Pit, as far as

1000 yds. south-west of the Newtoun cross roads, for the sake of the

ironstone, which was smelted at the Kinneil Furnaces.
The Index Limestone does not seem to have been recognised in the

shaft of the Snab Pit No. 1. In the recorded section of this shaft a

limestone, 15 in. in thickness, is indicated just below a band of whin-
stone, 51 ft., and above this whinstone comes a foul coal, 13 in. thick,

overlaid by another bed, 5| ft., which is termed "bastard green
whin." It seems possible that the so-called limestone may be a

veined portion of whin, and that the " bastard green whin "—which
is 122 ft. above the Splint Coal—may be the Index Limestone. In
the cliff behind Bo'ness Distillery the interval between the Index
Limestone and an underlying bed of igneous rock, about 24 ft. thick, is

nearly 10 ft. A coal, from 2 to 4 in. thick, occurs 2 or 3 ft. beneath

the limestone, and below this coal there is a fireclay, which was for-

merly used for brickmaking. The igneous material rests on a coarse

sandstone about 11 ft. in thickness.

The upper coals are found only in the western part of the area,

the dip being generally in a westerly direction, though with many
local variations, and at angles varying from 7° to 22°. In the Grange
(Bridgeness) workings about 400 yds. south-west of Bridgeness Pier

a gentle anticline strikes nearly north and south, and continues some
distance inland where it affects the outcrop of the lava that overlies

the Eed Coal. West of this anticline comes a shallow syneline followed

by another parallel anticline, the axis of which passes about

400 yds. east of Bo'ness Docks. Still farther west the dip is generally

westward, but in the north-east portion of the Kinneil workings

the beds are sometimes flat or inclined north-east. In the area near

Bonside and Bonhard Mill, where the beds are for the most part drift

covered, the Lower Parrot and Ironstone Seam* has been worked at

levels considerably lower than the surface position of this seam
farther west, and it seems probable that this is due to a local change

of dip towards the east.

The largest fault known landward is the east and west dislocation

passing about 700 yds. south-west of North Bank, where the down-
throw is to the north about 20 fms. Its course westward is un-

certain, but in the workings in the Upper Ironstone, 400 yds. west of

Borrowstoun Mains, a fault was proved, striking nearly east and west

and with a considerable downthrow to the north, which may represent

a continuation of it.

The occurrence under the foreshore and the Forth of certain coals

of the lower division considerably east and north of their outcrops

inland, is mainly due to the presence of two other faults which also

strike nearly east and west and have a downthrow to the north. At
Bridgeness the throw of the southern fault amounts to about 32 fms.,

while that of the northern one is about 12 fms., but the beds on the

north side dip to the north for a distance of 700 yds., so that, about
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480 yds. off Bridgeness Pier, the East Main Coal is 569 ft. below sea-

level. The workings have proceeded about 450 yds. farther seaward

across a shallow basin, at the other side of which the strata dip in a

southerly direction. In the Carriden Pit the inclination of the

northern fault to the north is well seen, and is unusually low—being

only 45°.

In the Kinneil workings neither of these faults can be recognised

with confidence. It seems probable that they both decrease west-

wards, and perhaps unite about a third of a mile west of Bo'ness

Eailway Station.

All the Bo'ness Coal seams appear to diminish in thickness on the

south side of a line drawn east and west about a mile and a half

south of the Forth, while the volcanic rocks increase. Pits have
been worked for short periods in various places on the south side of

this line, for instance, near Upper Bonnytoun, at Muirhouses (about

a mile north of the west end of Linlithgow Loch), and near Balderston

—leather more than half a mile W.S.W. of Swordie Mains—but none
of these has been successful.

In the Muirhouse Pits No. 1 and 2, two coals, separated by
6 fms. of coarse freestone, were mined, but neither is much more
than 2 ft. thick. The lower seam is about 35 ft. above the top

of the thick whinstone that underlies the upper coal-bearing beds.

About 120 yds. south of Swordie Mains a coarse yellow freestone,

lately exposed, probably represents the horizon just alluded to, and
is of considerable interest, as Mr. Cadell has found it to contain small

grains of garnet in great abundance. Subsequently Mr. Grabham
found in it tourmaline, rutile, zircon, magnetite and leucoxene. In
No. 3 Pit, which is some distance west of the others and no doubt in

higher beds, a band of good cannel coal, 5 or 6 in. thick, was met with,

which lay under, and seemed in places to be partly replaced by, an
ironstone of good quality.

No satisfactory information has been obtained about the Balder-

ston Pit, but it must have started in beds considerably below the Index
Limestone. It is said to have been 12 fms. deep and to have reached
a coal, 3 ft. 8 in. thick, which was mixed with dirt partings. A
number of shallow bores have been put down in this locality, but it

is doubtful whether their positions have been accurately described in

the journals. In bore No. 12 Balderston, a coal, 4 ft. thick, was met
at a depth of 13 fms., and in bore No. 11 Balderston, a coal, 3 ft.

10 in., at 8 fms. It is probable that the coal in each bore belongs to

one seam, and is higher in position than the seam mined in the old

pit, but thick beds of volcanic ash occur in the vicinity, and the

geological structure is far from clear.

Various bores put down near the north-west end of Linlithgow
Loch have pierced alternating bands of igneous and sedimentary
rock, the latter of subordinate thickness, but containing various coals,

some of which may represent the Eed Coal, Six-feet, East Main, and
Smithy seams, which were formerly worked in the old mine near
Upper Bonnytoun. It is not possible to correlate individual seams
with confidence, but a seam of foul coal, 2 ft. 10 in. thick, which was
found at a depth between 62 and 63 fms. in the bore No. 1 Loch-
house (about 300 yds. N.N.E. of Loch House), is generally con-

sidered to represent the Ked Coal. In bore No. 1 Parkhead (300 yds.
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south-east of Parkhead) a foul coal, 2 ft. thick, at a depth of

34 ft, is perhaps in the position of the Smithy Coal.

The boring No. 6 Kinneil, put down near the Little Mill, three-

quarters of a mile W.N.W. of the west end of Linlithgow Loch,

affords evidence that, in this locality, the volcanic rocks increase in

thickness for a certain distance in a westerly direction—towards the

dip—and that, concurrently, the coals die out or become valueless.

The bore starts in a volcanic ash some distance below the Index
Limestone, and is 691 ft. deep. The first sediments met with, at a
depth of 490 ft., are perhaps on the horizon of the Wester Main
Coal, but they include no coal and are only 7 ft. thick. The
rocks pierced below this are evidently to a large extent of igneous

origin and do not comprise a single coal seam.

In hope of finding the Bo'ness coals in good condition on the

western side of the Kinneil workings, Messrs. W. Baird & Co., of

Both well Collieries, have lately made a deep boring near North
Hainings, in a position rather more than a mile W.S.W. of the

deepest part of the Kinneil Collieries. The results are most dis-

appointing. The bore enters the Index Limestone at 45 fms. and
proceeds to a total depth of 425 fms. The position of the Seven-foot

Coal is recognisable at a depth of about 32 fms. below the Index Lime-
stone, but below this point there is an abnormally large proportion of

whinstone and volcanic ash. The characteristic roof of the Smithy
Coal was not recognised, but it seems certain that the whole of the

rocks representing the position of the Bo'ness Coal group was pierced,

for, at 394 fms. a limestone, 15 in. thick, is recorded, the core of which
is a dark grey limestone of good quality and includes fragments of

crinoid stems. A higher bed, at 268 fms., is also recorded as a

limestone ; it is a foot thick, surmounted by 22 in. of calcareous

calm and fakes, and was described by the borer as a blue limestone.

c. T. c.

tJppEE Limestone Group.

WOODMUIR AND FOULSHIELS AREA (Sheet 31).

At the south-east corner of Sheet 31, the Index Limestone

is never seen at the surface, but between Woodmuir fault and
Mosshall its position has been traced by numerous bores. It is

usually about 4^ ft. thick and is overlaid by blaes and balls, from
12 to 18 ft., succeeded by a thick white sandstone. A quarry was
opened three-quarters of a mile south of Breich Station in the upper
portion of this sandstone, but the rock proved to be inferior and soft,

with a peculiar concretionary structure. Between the Woodmuir
_and Leven Seat faults the position of this limestone has not been
proved.

The Arden (Gair) Limestone is reported to have been wrought in

a small quarry at the cross roads west of Hendreys Course, but the

excavation is now grassed over, and this limestone has not been
recorded in any of the bores to the north where it might have been
expected to occur.

For over two hundred years the Castlecary (Leven Seat) Lime-
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stone has been wrought on the east side of Leven Seat. At first the
workings were open-cast, and latterly the stone was mined. The
underground workings extend for half a mile to the west of the
cairn. •

This limestone is about 9 ft. thick and is overlain by an oil-shale

15 in. in thickness, of excellent quality, which was mined with the
limestone. For many years before the advent of the oil-shale

industry this tough leathery shale was sold throughout a wide area
and used for cover plates for road culverts, and although less than
one foot thick these plates can carry a heavy traction engine. When
paraffin oil was first produced from oil-shale, this seam was retorted

and the oil refined near Greenburn, and latterly the crude oil was
sold to some of the larger refineries. In the mined area the limestone
was best at the outcrop, and continued good tUl it was covered with
from 20 to 24 fms. of strata. At this depth it became rapidly poorer
in quality and also thinner, probably owing to partial solution by
percolating water.

On the north side of the Bank Head fault this limestone is

only represented by a band of thin limy shale below a sandstone
roof, but its position has been determined by the outcrop of the
Curly Ironstone which lies 8^ fms. above it. At Blackhill,

Breich Water, a grassed-up quarry with kilns doubtless indicates

the outcrop of the limestone, and from this point to Mosshall
its position has been determined by protraction from known
outcrops. J. s. G. w.

THE BATHGATE AREA (Sheet 31).

Between the river Almond and Durhamtoun there is very
little accurate information about the Upper Limestone group as

a whole, though the lower portion, including the Index Limestone,
has several times been passed through in search of the underlying
coals. It is interesting to find, however, that the oil-shale, over-

lying the Leven Seat Limestone in its typical district, has been proved

by boring near Durhamtoun, though in an unworkable condition.

Northwards again between Durhamtoun and Hilderston, while there

are several deep bores traversing the whole of the group, there

is only a single surface exposure of any portion of it. This occurs

in a cutting of the mineral railway leading to the Balbardie Colliery,

where the Index Limestone, 3 ft. thick, is seen to contain Productus
latissimus and other shells, and to be overlain by 15 ft. of grey fossili-

ferous shale passing upwards into faky sandstones, which also in

their bottom layers contain casts of Productus and other marine
organisms.

The deep bores alluded to, which occur in the Bathgate district,

prove two points of importance, first, the presence of a volcanic

horizon between the Index and Calmy (Arden) Limestones ; and,

secondly, the rapid variation in thickness of the group. The four

chief bores are as follows : Walker's Bore at Little Boghead

—

Vivian's Bore starting a little above the base of the Coal Measures,

slightly south of the Bathgate fault, less than half a mile west of

Walker's Bore—^Easton Bore, slightly over half a mile N.N.W. of

Vivian's Bore—and Hilderston Farm Bore, a mile and a quarter
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N.N.E. of the Easton Bore. An abstract of these bores is given in

the following table :

—
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Ft. In.

Brought forward .

A^instone
Dark fakes

Coal, foul

Bands of sandstone, fakes and blaes

Blue blaes

Index Limestone
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bore mentioned above, agreeing in the position of several small

coals, the characters of the beds between these seams, the thickness

of a bed of " whin " and the distance between it and the main
"whin" below. If the correlation of the rocks that seem to

correspond in the bores is correct, the Index position has been

passed in the bore near Manuelhaughs without any limestone

being recorded.

Farther south the Index Limestone probably sweeps to the

south-east, parallel to the next higher limestone, being recorded

close to the surface in a boring at Belsyde, and also the one reported

to have been found a quarter of a mile north of :Cocklerue, below
dolerite which was quarried for the reservoir close by; from here

it strikes southward with the associated sandstones, ashes and lavas,

which occur above it.

The strata above these lavas consist chiefly of sandy shales and
some fireclays. In the Avon gorge east of Muiravonside, as we
approach the Arden Limestone, some ashy sandstones are found

which have yielded the following fossils: Cup corals, Productus,

Orthotetid shells, Fenestella, Orthoceras and Trilobites.

The Arden Limestone is well seen in the Avon at Woodcockdale,

where it is repeated by a small fault ; here it overlies some plant-

bearing shales, and, as at Carribber G-len, occurs in several bands with

shaly partings between.

At Easter Carribber the following section of the limestone is seen

on the south side of the glen :

—

Ft. In.

x/aiiL aauAxy siictic

Impure limestone
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black, crinoidal and effervesces freely*—in strong contrast to its

behaviour only a mile farther north. G. w. G,

LINLITHGOW TO bo'ness (Sheet 31).

In this area the group includes, besides the Index, the Arden
(Calmy or Dykeneuk) and the Castlecary (Leven Seat) Limestones,

another band (between the Index and Arden) which will be
called the Kinneil Mills Limestone. From evidence obtained from
bores the total thickness of the group appears to be about 830 ft.

The Index Limestone is exposed on the west side of the Avon,
west of the Little Mill, and in various places at the sides of the

stream that joins the Avon from the north a quarter of a mile

north-west of the Mill. It averages about seven feet in thickness,

including various bands of calcareous shale, and is characterised by
the abundance of Productus latissimus. At the base there is a

calcareous mudstone about a foot thick, with a somewhat ashy aspect

in parts, which contains abundant remains of Fenestella, but very
few of Productus, and, below this horizon, there is a coal about seven

inches thick. In one of the exposures, a band near the top also

seems somewhat ashy.

In the cliffs behind the Bo'ness Distillery the section is somewhat
as shown below :

—

LIMESTONE
Calcareous shale .

.

LIMESTONE
Crinoidal shale with small nodules of limestone

The exposures in these cliffs are imperfect and have not provided

many fossils, but some blocks, which were formerly removed from
this locality to a field near Kinneil Eailway Station and are now
considerably weathered, are seen to be full of Productus latissimus.

At the distillery a bed of shale, about eight feet thick, comes
above the limestone, and is in turn overlain by a sandstone, which
in the Snab Pit (No. 1) shaft is 79 ft. in thickness. This sandstone
is exposed at the back of the 20-ft. raised beach west of the

distillery, and is a good building stone, largely wrought in the Maiden
Park and Deanfield quarries, etc. In the same shaft just below this

thick sandstone a bed of fireclay was formerly extensively mined for

making firebricks; and, about 14J ft. above the sandstone, a coal,

sometimes called the Mount Hunger Coal, is recorded, 2 ft. 3 in.

thick, including a 3-in. shale parting near the middle.

Near the Avon the thickness of the strata, including a band of

igneous rock that probably represents a lava flow, between the
Index Limestone and the Kinneil Mills Limestone is probably about
250 ft., but near the Forth the thickness seems greater, for the

journal of the North Hainings boring, already alluded to, shows a

limestone 22 in. thick, which appears to represent the Kinneil Mills

bed, and is 375 ft. above the top of the Index.

* It is also remarked by Charles Forsyth {Trans. Highland and Agric. Soc. Scotland,

1846) that on account of its freedom from magnesia it is particularly suited for

agricultural purposes.

Ft.
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The Kinneil Mills Limestone is only exposed in one place, on the

north side of the Avon about 100 yds. west of the bridge at Kinneil

Mills, where it is crowded with Productus latissimus and has a

considerable resemblance to the Index Limestone, but it is only

3 ft. thick—hardly half as much as the Index Limestone at the

Little Mill—and rests almost directly on an 8 -in. coal seam.

There is no bed below it like the shale with Fenestella which occurs

below the Index. In a boring put down at the roadside about 400
yds. E.N.E. of Dykeneuk, a limestone, 22 in. thiclc, including a

7-in. parting of blaes, was met at a depth of 17 fms., and
probably represents the Kinneil Mills Limestone. It is too near the

surface to be the Index, for the bore appears to start in beds only

about 200 ft. below the Arden Limestone, and in the North Hainings

Bore the interval between the Arden and the Index Limestones is as

much as 578 ft.

A few feet below the Arden (Calmy or Dykeneuk) Limestone, a

coal, called either the Wood Coal or the Upper Hirst or the Janet
Peat, has formerly been extensively worked in shallow pits near

Dykeneuk and in Kinneil Woods (whence the name " Wood Coal

"

is said to be derived). On the south side of the railway line,

250 yds. east of Dykeneuk, this coal is exposed. It is- at least

2 ft. 8 in. thick, and lies about 20 ft. above another rather thinner

coal. In the journal of bore No. 1 Kinneil, put down about 300
yds. south-west of Dykeneuk House, the Wood Coal is described as

a foul coal 24 in. thick, and the underlying "soft" coal is 18 in.

thick. In the journal of No. 5 Kinneil Bore, 300 yds. north of

East Kerse Mains, the Wood Coal is described as a good coal 3 ft.

thick.

The Arden Limestone was formerly extensively worked near

Dykeneuk, along the outcrop south of the railway and in day levels.

It is not exposed in this locality now, but in the boring just referred

to the following section was found :

—

Dark blue blaes .

.

LIMESTONE
Blue blaes

LIMESTONE
Soft blaes .

.

LIMESTONE
Blue fireclay and blaes .

.

This limestone is seen in the Avon in three places, between half

a mile and a quarter of a mile west of Kinneil Mills, once on the

north side of a powerful east and west fault, and twice on the south

side and considerably disturbed. The fault throws down to the

north and is no doubt a continuation of the dislocation which
crosses the river 300 yds. above the viaduct. None of the exposures

are complete, but the bed is evidently of good quality, about six

or seven feet thick, and overlain by a considerable band of shale, at

least 40 ft. in thickness, containing various thin calcareous seams and
lenticles. In the North Hainings Bore the distance between the

Arden Limestone and the thin limestone that is supposed to

represent the Kinneil Mills Limestone is about 188 ft., and the

former bed is 7| ft. thick, including two shale partings.

Ft.



Ft.
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about 170 yds. south of Inveravon—the base of a limestone, 5 ft.

V in. thick, was found at 32 ft. This band, overlain by 17 in. of limy
fakes, probably represents the Castleeary Limestone, and, to

account for its high position at the Willow Bog, it seems necessary

to suppose that it has been thrown up to the north by a fault of

considerable amount, perhaps about 100 ft., which may pass through

an obscure area a little south of the old boring. The supposed fault

may continue in an E.N.E. direction past the south side of the lime-

stone outcrop in the railway cutting.

In boring No. 5 Kinneil, 300 yds. north of East Kerse Mains, the

base of the Arden (Dykeneuk) Limestone was found at a depth of

140 ft. (and 64 ft. below the rock surface). The beds exposed near

East Kerse Mains are considerably above this limestone in the strati-

graphical sequence, but it is considered probable that the limestone

comes to the surface about half-way between the farm and the site

of the bore, dipping south or south-west like the other beds exposed

in the locality. It seems probable, therefore, that a fault with a

considerable downthrow to the north passes between the site of the

bore and the farm : the direction of the supposed fault is very

doubtful, but in the map it has been drawn W.S.W.
c. T. c.

Carbonifekous Volcanic Eocks of the Bathgate, Linlithgow
AND Bo'ness Distkict.

The volcanic rocks now to be described are confined to that part

of the Lower Carboniferous formation which occurs near the line of

junction of the one-inch maps 31 and 32, in western Linlithgowshire,

and the adjoining parts of Stirlingshire. Most of them are within

the limits of the Carboniferous Limestone series, and it is worthy
of note that in Mid-Lothian there is no trace of contemporaneous
igneous activity in this division of the system. It is quite possible

that a larger proportion of intrusive rocks is associated with the

lavas than is represented on the maps, for some of those recog-

nised as intrusions are of much the same petrological type as lavas,

and the lack of natural exposures often prevents the determination

of the relations between the igneous and the adjoining sedimentary

rocks.

Various modifications of Sir Archibald Geikie's original mapping
and descriptions of the district have been made, but few are of more
than local importance. The most noteworthy consists in the detec-

tion of an intrusion of quartz-dolerite which traverses the hills in

a north and south direction. Dr. Falconer had recognised this

feature previous to the commencement of the recent revision, but

his results were not made public until 1905,* by which time they

had been confirmed by the independent mapping of the Geological

Survey. This point will be referred to again in Chapter XV. It is

interesting also to note that evidence has been obtained pointing

to the conclusion that the Bo'ness lavas form a portion of the

Bathgate belt, so that the latter does not end at Linlithgow as

originally supposed. c. T. c.

* " The Igneous Geology of the Bathgate and Linlithgow Hills," Trans. Roy. Soc.

Edin., 1906, vol. xli. p. 369.
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BATHGATE TO cocKLERUE (Sheet 31 in part).

* The volcanic rocks of the Bathgate Hills attain

their greatest development about two or three miles

south of Linlithgow. It will be convenient to take

a general section from east to west along this line (see

Fig. 11) as the basis of our description, and to note

the changes which affect the various groups of lava

and tuff, first as they are traced southwards and
then as they are followed northwards.

The period of vulcanicity commenced in late

Calciferous Sandstone time with the accumulation
over an extensive area of a bed of green and red tuff

at a definite horizon a few feet above the Two-foot
Coal (2, Fig. 11). From Drumcrosshall the tuff forms
a well-marked band traceable almost to the shores

of the Firth of Forth, a distance of over six miles,

whilst its former eastward extension is proved by
its occurrence in a synclinal basin of the oil-shale

field at Little Ochiltree. The tuff is overlain by
shales and sandstones, followed in Longmuir Planta-

tion by a thin bed of green tuff and then by several

flows of basalt (3, Fig. 11). The lowest of these,

exposed in a small quarry on the south side of the

east and west dyke, is a dark compact olivine-basalt

of Dalmeny type and exhibits a well - marked
columnar structure. The other outcrops show only
decomposed and vesicular basalts, which dip beneath
a thick series of shales and sandstones exposed in

the quarry above Broomyknowes (where a thin

seam of coal also occurs) and at intervals along the

eastern slopes of the Eiccarton Hills. They have a

westerly dip of 10° to 15° and pass below the

great mass of lavas, which forms the greater part of

the Hills (4, Fig. 11). The individual flows, of which
there are perhaps eight, may be separated in some
degree by means of the little hollows formed by
weathering along the line of junction of the vesi-

cular top of one flow with the vesicular base of the
succeeding one, and by the two intercalated beds of

sandstone (5, Fig. 11). One of these lies on the
north shoulder of the Hills south-west of Broomy-
knowes, whilst the second occurs in small artificial

exposures situated between outcrops of basalt 400
yds. south-east of Beecraigs. The lavas are all very
much of one type, dark, compact olivine-basalts, but
the second flow from the base is coarser-grained and
more felspathic. Olivine nodules were noticed in the

topmost basalt at the outcrop beside the stream about
200 yds. north-west of Beecraigs. Northwards the
whole series rapidly thins out and disappears, but
to the south the thinning takes place much more

10
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slowly and seems to be brought about by the upper members
alone dying away. The shales and sandstones at the base

of the group thin out, so that, south of the Mains Burn, the

Eiccarton Hills and Longmuir lavas come together. Although the

group is thinning away the outcrop remains broad owing to slight

local folding, which results in the strike taking on an east and west
direction in the neighbourhood of Quarter. The basalt situated to

the north-east of Drumcross is an outlier of this zone faulted down
in a shallow syncline against the tuff above the Two-foot Coal. To
the southward, in Sheet 31, a bed of tuff exposed near Wester
Drumcross and at Whitelaw is intercalated amongst the basalts,

whilst smaller and apparently lenticular layers appear at a higher

horizon in the wooded hollow east of Kirkton Lime Works. In the

section in the Almond Eiver to the south of Bathgate, the whole
volcanic series of the Bathgate Hills has disappeared with the excep-

tion of a bed of tuff, which is proved to lie 140 ft. above the Eaeburn
oil-shale, and may well be on the horizon of the Whitelaw tuff.

The sediments overlying the Eiccarton Hills lavas include the

Tartraven Limestone (6, Fig. 11). In their southward prolongation

into Sheet 31 they are largely replaced by basalt flows, marked off

at the bottom and top respectively by the East and West Kirkton
Limestones. H. b. m.

The interesting section in the East Kirkton Quarry was first

described by Dr. Fleming,* who noticed some of its more peculiar

features, but it was more fully and accurately dealt with by Dr.

Hibbert f and Sir A. Geikie.J The latter enters into great detail,

and his account is virtually followed here, but there is no important
difference between the views expressed by the two authors.

The general section in the quarry is as follows : The floor is ash

resting on basalt; above this come various limestones with ashy
seams intermingled, then shales and ashy sandstones, while the

whole is surmounted by basalt, forming the crest of the quarry.

The subjoined woodcut gives a detailed section of the north end of

the quarry.

The lowest bed is a loose pulverulent concretionary ash (a), rest-

ing on basalt ; above it comes a thin irregular band of ash-beds and
ashy limestone. A very unequal stratum of limestone (c) succeeds

;

at one point it measures 6 ft. in thickness, while a short way off

it increases to 13 ft. It is a hard, grey, cherty rock, the chert

being either arranged in fine laminae, curiously contorted, or in an
irregular brecciated or nodular manner. At the present time the

contorted beds are not well exposed in the quarry, but they may be

studied to advantage in the walls of the neighbouring fields. The
limestone is further noteworthy as having yielded several remark-
able specimens of Eurypterus scouleri, named and described by Hibbert.

Various alternations of ash and limestone occupy the remainder

of the section (d to i) until a mass of herbage and debris obscures

the slope. Above this we again meet with a limestone (k), finely

laminated, very fissile and containing remains of entomostraca

;

* " On the Neptunian Formation of Siliceous Stalactites," Edin. Journal of Science,

AprU 1825, p. 307.

f
" On the Fresh-Water Limestone of Burdiehouse," Trans. Roy. Soc. Edin., 1836,

vol. xiii. p. 169.

}
" The Geology of the Neighbourhood of Edinburgh," Oeol. Sur, Mem., 1861, p. 49.
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therefore, be a sill

some of the laminae show a mammillated surface, while others have
undergone great twisting and contortion. Black shales and sandy
beds {I and m), somewhat ashy in the upper part, next supervene.

During the first survey numbers of beautifully preserved plants,

including Lepidodendron, Stigmaria and Pecopteris, were discovered

in some of these beds, but the richest fossil iferous horizon does not
appear to have been found during the late revision. The following

plants were, however, collected by Messrs. Kidston and Tait, and
determined by Dr. Kidston,

—

Sphenopteridium crassmn L. & H. sp.,

Adiantites, sp.*

A bed of columnar basalt (n) of the Dalmeny type completes

the section, and, though the evidence is not conclusive, there are

appearances suggesting that the base of the igneous rock trans-

gresses the underlying black shales. It may,
like that of the Hillhouse quarries.

Both Dr. Hibbert
and Sir A. Geikie

referred the remark-
able series of deposits

underlying the basalts

to the operations of

geysers or thermal
springs supplying a

restricted lagoon, and
the physical and palee-

ontological features

noticed above, accord

well with this inter-

pretation. No satis-

factory explanation

has, however, yet

been offered regard-

ing the remarkable
contemporaneous
contortions of the

laminated cherts and limestones. E. b. b.

Eeturning to Tartraven we find the shales above the limestone

succeeded by a series of basaltic flows, which are exposed in sections

beside the road right up to the position of the Petershill Limestone

(7, Fig. 11). The lowest lava appears as a thin decomposed
amygdaloidal basalt overlain by a thicker sheet exposed in quarries

at Mid-Tartraven. The latter is an analcite-bearing basalt, with a

well - developed horizontal platy jointing parallel to the fluidal

texture of the rock, surmounted by a weathered brecciated crust.

After passing over a few crops of weathered basalt, which may
indicate another flow, we reach a dark compact, columnar olivine-

basalt, which extends up to the position of the Petershill

Limestone.

This group of lavas dies away rapidly to the north, and is

represented by a bed of tuff, which is first seen near Balvormie.

* The type of Sphenopteris Hibherti, L. & H. (" Fossil Flora," 1836, vol iii.

p. 73, plate clxxvii.), also came from a " deposit of fresh-water Limestone ocouriipg

at Kirkton near Bathgate."

Fig. 12, Section in East Quarry, Kirkton (after

Sir A. Geikie).
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Southwards the outcrop is obscured by boulder clay until the Knock
is reached, when knobs of columnar basalt again appear. In this

district the group is capped by a bed of tuff which lies at the base of

the Petershill Limestone.
The great mass of basalts that overlie the Petershill or

Silvermine Limestone, lie on the whole beneath the Bathgate Coal

group. In the district around Cocklerue, however, where they
reach their greatest development, the coal group is replaced by
lavas, which thus separate the Bathgate Coal-field from that of

Bo'ness. The lowest portion consists of vesicular basalts ; then
follow, near Craigmailing (Sheet 31), tough, black, compact, olivine

basalts, sometimes with nodules of augite and usually exhibiting a

well-developed columnar structure. Above these again lie three

or four flows of dark blue amygdaloidal basalt, forming terraces on
the hill slope.

The position of the local limestone of Wairdlaw amidst these

basalts has already been pointed out (p. Ill), (8, Fig. 11). Above
the limestone the lavas are exposed in isolated crops of fine-grained,

dark blue, columnar basalt intermingled with crops of decomposed
vesicular rock, which are probably the slaggy surfaces of the different

flows. In a roadside quarry 700 yards south of Kipps the rock (a_

Hillhouse basalt) contains numerous nodules of augite sometimes
more than an inch long. This group of lavas may be followed

southwards along the crest of the Bathgate Hills. South of the

Knock the individual flows become separated by sediments, which
form hollows between the lava ridges.

The Bathgate Coal group having the Index Limestone at the top

succeeds next to the west (9, Fig. 11). At Haddies Walls and again

at Hilderston Hills outcrops of dark bluish basalt probably indicate

isolated flows of basalt amongst these sediments.

Above the position of the Index Limestone there follows a well-

marked belt of volcanic rocks. A green basaltic tuff which lies at

the base of this group, near Cocklerue, dies out to the south of Kipps.

It is succeeded by a series of dark basalts, which often show a well-

developed columnar jointing. It is possible, to judge from certain

indications in the field, that the columnar rock of Kipps Hill is

intrusive, but so far as regards the Carboniferous basalts, the

possession of a hexagonal columnar jointing is so frequently a

character of unquestionable lavas that it cannot, in this instance, be

accepted as evidence to support the suggestion. An obviously

interbedded lava possessing a vesicular and pillowy upper and under
surface may have a columnar central band, a phenomenon clearly

exposed over and over again in the Fife coast sections.* It is very

probable that the vesicular basalts, such as those cropping out

around Kipps Hill, are only slaggy surfaces of flows which are

columnar in their central portions, and as the columnar rocks have
the same petrogi'aphical character as the non-columnar ones, they
are retained amongst the lavas.

Proceeding southwards the basalts crop out again around
Cathlaw House, but except for some small openings near Bishop-

brae, the lavas are not again exposed at the surface. They are,

.
* " The Geology of Central and Western Fife and Kinross,'' Oeol. 8ur. Mem,

1900, p. 53 seq.
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however, proved by the bores already quoted (p. 138) to extend
southwards for some distance, beyond Bathgate.

The above group practically marks the close of active vuleanicity

in the district. A thick bed of green tuff (10, Fig. 11), which may
lie above the position of the Arden Limestone, is exposed in

the wooded glen south of Lochcote Eeservoir, and ashy material

may be found mixed in the sandstone close up to the Leven Seat

Limestone, but there seem to have been no further outpourings of

basalt.

The volcanic history of the Bo'ness and Bathgate Hills may
be compared with that of Fife. The lavas associated with the

Calciferous Sandstones and Lower Limestones of the Kinghorn
district correspond to those extending from the Eiccartou Hills to

a position above the Wairdlaw Limestone, whilst the volcanic

outbursts of the Saline Hills cover the time occupied by the

accumulation of the lavas and ashes, which lie above the Index
Limestone in the Bathgate Hills. H. B. M.

COCKLEEUE AND BROOMYKNOWES TO LINLITHGOW (Sheet 31 in part).

Eeturning again to the base of the volcanic series to the south-

east of Linlithgow, we find the tuff above the Two-foot Coal in

the bank of a stream, half a mile west of Wester Ochiltree. The
tuff at first sight appears coarse, containing great rounded masses,

but these, when examined, are found to be calcareous concretions.

The position of its outcrop northward in the direction of Haugh
Burn has already been described (p. 101). G. w. G.

The same bed of tuff is exposed about three miles to the north-

east on the north side of the Midhope Burn at Binns Mill, where
it occurs above the Two-foot Coal and not far from the volcanic

vent of Binns Hill.

An outlier of this tuff occurs in a faulted synclinal basin between
Little Ochiltree and Three Miletown. The tuff lies above the

Houston Marls and is only exposed at a few points. It is a

purplish, sandy tuff with numerous black shale fragments. The
dip is irregular and the underlying coal (the Two-foot) is not seen.

J. s. G. w.

The lavas of Longmuir Plantation are last seen in a northward
direction 500 yds. south of Eiccarton.. They appear to be on the

horizon of the Eiccarton limestone bands.

The farm of Broomyknowes stands at the base of another larger

series of lavas, which form the main mass of the Eiccarton Hills.

Several flows can be made out in the stream north-west of the

house, the lower ones being coarse, decomposed, and marked by
small geodes lined with chalcedony, on which crystals of quartz

have grown. Fresher material representing this part of the series

may be got from a good exposure about 30 yds. north-west of the

farm. The specimen sliced (11979) is classed by Dr. Flett under
the Gallaston type. Eather finer-grained basalts appear in the

stream section 300 yds. west of Broomyknowes.
The basalts and fragmental rocks associated with the Lower

Limestones of the Carboniferous Limestone series have at their

base, a band of ash which, as already mentioned (p. 112), continues
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to the neighbourhood of Hiltly, where it is intermingled with lava

flows among which it is not traceable and may die out. Farther

north the flows begin to wedge out until we find only 35 ft. of

"whin" in the St. Magdalene Distillery well. An horizon of

igneous activity extends from the bed of whin below the position

of the base of the Bo'ness and Bathgate Coal group up to the

Index Limestone, which immediately overlies this group, but

here and there intercalations of sediment and beds of fragmental

material occur. One of the best of these can be seen in the stream

W.N.W. of Preston House, where a band of fine grey ash, about

50 ft. thick, is surmounted by a few feet of shale and sandstone,

upon which rests a columnar basalt lava flow, compact at the base

and with indurated sandstone below for 4 or 5 inches, with a

glassy appearance on fractured surfaces.

These lavas occupying the position of the Bo'ness and Bathgate

Coal group are usually dark compact, almost flinty rocks which

hardly ever show a thick crust of decomposition products. Olivine

in small phenocrysts is the only constituent visible to the unaided

eye. Vesicular types are seen on the road close to the Manse
south of Linlithgow, where more dolerite varieties also occur.

Several specimens from different horizons were sent to Dr. Flett

who finds them to be olivine basalts, chiefly of Dalmeny type,

together with representatives of both Gallaston and Hillhouse types

;

but these varieties are not characteristic of particular horizons.

Hardly any evidence bearing on the mode of occurrence of the

basalts is present, as the ground is largely obscured by drift through
which only the massive parts project. The uppermost flows are

seen at Woodcockdale in a stream by the canal ; below the railway

bridge in the Avon; and north of the road at Linlithgow Bridge.

In this last locality they are succeeded by two bands of ash each

about 20 ft. thick and separated by a 4-ft. parting of sandy shale

with a 6-in. coal at its base ; the lower bed of tuff is fine-grained

and laminated, with structures like vesicles, which are lined

in places with chalybite and contain white calcite at the centres.

The phenomena can perhaps be explained on the supposition that

the bed flowed as a viscous mud. The upper bed of tuff contains

large fragments of lava, often 5 or 6 in. across. In the bore at

the Avon Mills only one band of ash is recorded with 18 ft. of

sediment between it and the main mass of lavas below, but perhaps
the lower bed of ash has been mistaken for sediment or even
included in the "whin" below. The tuff and lavas overlying the

Index Limestone position near Cocklerue appear to thin out con-

siderably to the north. The comparatively thin bed seen in the

Avon at the Avon Mills occurs on this horizon. According to Dr.

Flett's determination, it has the characters of a basalt of the

Hillhouse type (11947). g. w. g.

LINLITHGOW TO bo'ness (Sheet 31 in part).

Most of the contemporaneous igneous rocks are in the form of

basaltic or doleritic lavas which are usually much decomposed,
but where fresh they contain distinct blebs of olivine in many
places. Ko general difference in character has been recognised
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between the bands which occupy different stratigraphical positions
within the series. The great majority of the rock specimens which
have been sliced are referred by Dr. Flett to the Gallaston type of

basalts and dolerites.

The lavas are mixed with subordinate bands of volcanic ash,

some of which are very thick, and have probably been accumulated
in the immediate neighbourhood of volcanic necks.

In the northern part of the area most of the igneous rocks occur
in the Bo'ness and Bathgate Coal group, wherein they form
the greater part of a middle division—the thickest of the three

—which separates the lower from the upper coal-bearing beds,

as already described. Farther south, however, it is clear, from
various small rock exposures on the north side of Linlithgow

Loch and from the evidence afforded by a considerable number
of borings, that the igneous rocks are in excess of the sedi-

mentary in the lower division of the Coal group, and are also

greatly developed in the upper part of tte Lower Limestone
group.

Near the Forth the lowest igneous rock of which we have any
certain knowledge is a thin volcanic ash, 5 ft. thick, interstratified

with a thin limestone in a boring near No. 9 Pit, Grange. This

limestone is hidden at the outcrop by superficial deposits, but in

the bore its top is 16 ft. below the base of the Carriden Lower
Limestone.

Not far above the last-mentioned tuff is a much thicker ash

bed, well seen at the back of the 25-ft. raised beach near Carriden

House. It occupies nearly all the interval, amounting to 50 or

60 ft. perhaps, between the Carriden Lower and Middle Limestones.

It is generally well stratified, mainly composed of pieces of de-

composed basic igneous rock less than half an inch long, and dips

at gentle angles in the same direction, generally south or south-

east, as the adjoining sediments. Some of the bands are mingled
with shaly or sandy material, and the top is overlain by the

Carriden Middle Limestone, which is itself mixed with some ashy
material. It appears to thin out rapidly towards the west, for it

is stated that the boring (made by chisel) about 100 yds. west
of Carriden Church—less than half a mile from the ash out-

crop—pierced no tuff, though it reached the Carriden Lower Lime-
stone.

In the journal of a boring near Springfield the top rock, for

more than 11 fms. below the drift, is recorded as fakes and fireclay,

underlain by a thin impure limestone—the first of a series of three

which occur near together. It seems probable that this limestone

represents the Carriden Lower Limestone, and that the overlying

rock is in reality volcanic ash, and a continuation of the Carriden

bed.

Near Upper Bonnytoun another boring, about half a mile west
of that at Springfield, pierced more than 21 fnis. of whin, with
more than 16 fms. of rock beneath, which is described partly as

faky fireclay and partly as fakes and fireclay. It seems probable

that this lower rock may also represent the Carriden ash, or a

neck from which this tuff was derived. It is to be noted that it

is underlain, not by limestones and sedimentary strata, like the
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supposed ash at Springfield, but by lower beds of whin mixed with

rocks called fireclay and fakes or faky fireclay.* The boring was
continued to a depth of 85 fms. beneath the drift, and with the

exception of 17 in. of hard sandstone the journal records no rock

except whinstone, fakes and fireclay or faky fireclay, and it is

certain that all these must be below the horizon of the Smithy
Coal, which was formerly worked . on considerably higher ground
about half a mile to the north.

Various types of basic igneous rock, some of them with distinct

olivine, and others extremely vesicular and decomposed, crop out

near Walton in a rocky bank striking nearly east and west. The
bank faces south and perhaps lies near the northern side of a

fault—possibly a continuation of that which crosses .the volcanic

rocks a mile farther west with a considerable downthrow to the

north. These rocks were formerly mapped as parts of a broad east

and west dyke, but none of them are quartz dolerites, and two (808,

11758) are referred by Dr. Flett to the Gallaston type of dolerites.

Their stratigraphical position is doubtful, but they probably lie

between the Smithy Coal and the Carriden ash—considerably below
the level of any of the lavas that are known farther north-east near

the shore of the Forth. At the old mine north of Upper Bonnytoun,
whinstone is said to occur almost immediately below the Smithy
Coal, and a third of a mile south-west of Upper Bonnytoun a basic

vesicular rock is exposed, probably on a slightly lower horizon.

In the northern part of the area, the middle division of the

Coal group, consisting largely of volcanic rocks, comes between the

Eed Coal and the seam of the Upper Parrot and Ironstone. This

division generally exceeds 500 ft. in thickness, and more than half

of it is usually composed of igneous rocks—all apparently

in the form of lava flows except one thin band of ash, which was
formerly observed by Mr. Cadell at the base of the division, just

imder the lava that crops out about half a mile E.S.E. of Bo'ness

Eailway Station. Owing to the scarcity of exposures it is impossible

to trace the different flows far in the field, nor is the plane between
two consecutive flows usually recognised underground unless it is

accompanied by some layer of sediment. It seems probable, however,

that the average thickness of individual flows is not great, for thin

streaks of altered sediment are often found within them either

steeply inclined or at low angles. In some cases these streaks have
probably been formed near the upper surfaces of flows, in cracks

produced shortly after the solidification of the lava, but in others

they may have been roUed along with the lava while it was still

in a state of flow.

The bottom lava which comes above the Eed Coal is well seen

in the following localities : in the southern suburbs of Bo'ness where
it forms a series of small scars striking slightly north of west ; on
the eastern side of the hillf with the monument, situated 1167
yds. north-west of Upper Bonnytoun; and in two places, near the

* H. M. Cadell in his " Notes on the Volcanic Books of Borrowstounness," Trans.
Edin. Geol. Soc, Tbl. iii. p. 304, regards all the rocks in this boring as volcanic ash.
The distinctions made in the bore journal are unsatisfactory, particularly as some
of the whin is described as soft and light. He states that the borer identified a piece
of decomposed Carriden ash with some of the rook bored.

j" Usuaily called Bonnytoun Hill, but not named on the 6ne-inc1i map.
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shore, on the north side of the big east and west fault with down-
throw to the north, which passes about half a mile south of the

seaward end of Bridgeness Pier.* This bottom bed is only 2 ft. thick

in a boring near the north-east corner of the Bridgeness workings.f

but in No. 6 Pit, Grange, it is 8 ft., while in No. 18 Pit, Kinneil

(Lothians Pit), it is reported to be 59 ft., thus showing a rapid

increase towards the west; It seems possible, however, that the

thick band last mentioned may include two or more flows which
come together without any sedimentary parting. In the Snab Pit

the position of the Bed Coal seems doubtful: if the 6-in. coal at

a depth of 902 ft. represents it, then the overlying igneous rock,

without any sedimentary parting, is in this locality as much as 91 ft.

thick, which would show a still further increase in thickness in

a westerly direction. But if Mr. Cadell is correct in regarding this

6-in. seam as the Wandering Coal, the bottom lava which lies

above the Bed Coal must have died out in a westerly direction

between the No. 18 Pit and the Snab.

The vesicular bottom of the lava on the east side of Bonnytoun
Hill is well exposed at the mouth of an old day-level nearly half a

mile N.N.W. of Upper Bonnytoun. Part of it is not more than 5 in.

above the top of the coal, but does not seem to have produced any
appreciable alteration therein. It shows a " pillow structure," being

divided into large rounded vesicular masses, 2 or 3 ft. in diameter,

some of which are to a large extent, if not entirely, isolated from

one another by partings of clay shale.

In a vertical face of the trap mass which comes above the Bed
Coal about 300 yds. S.S.W. of the seaward end of Bridgeness Pier,

a parting of dark micaceous sandstone, about 5 in. thick, appears to

include pieces of trap and to descend in places in thin strings into

the underlying rock.

In a quarry a quarter of a mile north-west of North Bank three

bands of basic igneous rock are seen, of which the lower, lying above

the sediments which include the Wester Main Coal, is about 30 ft.

thick. The middle band is 18 or 20 ft. thick, and the top of the

upper is not exposed. Between the lower and the middle band
there is in one place, but not generally, a parting of sediment, about

a foot thick, and several round lumps of vesicular trap which appear

in vertical section to be entirely surrounded by sediment.^ The
parting of sediment which separates the middle and the upper bands
is only 2 or 3 in. thick. Specimens from both of these partings

(11751 from the upper and 11752 from the lower) have been ex-

amined under the microscope by Dr. Plett, and are stated by him
to show considerable alteration. The polished face of 11752 shows
very well the irregularities of the igneous surface on which the

sediment lies, and which frequently forms little projections, facing

in one direction, which may possibly indicate overfolds in the

original flowing surface of a lava. The higher layers of sediment

* It was in the western exposure that the remains of the lycopod stem, described

by H. M. Cadell (" The Occurrence of Plant Remains in Olivine Basalt in the Bo'ness

Coal-Keld," Trans. Edin. Oeol. Soc, vol. vi. p. 191), were found.

t H. M. Cadell, " The Carboniferous Limestone Coal-Fields of West Lothian,"

Trans. Inst. Min. Eng., vol. xxii. 1901, p. 383.

{ Since this description was written the quarry has been extended, and a somewhat
difierent section exposed.
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iu the little hollows of the trap sometimes overlap the lower, and
abut against the sides of the hollows. A few pieces of igneous rock

seem to be isolated in the sediment, but the top surface of the main
mass of lava is, through all its irregularities, much finer than the

interior, and can in this locality have suffered little or no denudation.

It seems indeed possible that it was hot and perhaps still flowing at

the time the sediment was laid down on it.

In another quarry, two-thirds of a mile N.N.E. of Gardeners Hall,

two bands occur, which are probably in a somewhat higher strati-

graphical position but still below the Upper Ironstone : in the upper
band, which is very vesicular, we find various streaks of siliceous

material, sometimes 4 or 5 in. thick, which cross the igneous rock

at various angles, sometimes steeply. They are much more siliceous

than any common type of sediment found in the district, and are

described by Dr. Flett as cherts (11753, 11754, 11755, 11786). They
show no radiolaria or other traces of organic remains, but include

pieces of extremely decomposed basalt or dolerite. Specimen 11786
was found by Dr. Pollard to contain 91'83 per cent, of silica.

In a quarry (at Bell's Knowe) nearly a quarter of a mile S.S.E.

of Bo'ness Railway Station two lava flows are seen in about the same
stratigraphical position as the bands in the quarry last mentioned.

The lower flow is 40 ft. thick and separated from the upper by a

thin layer of sediment, averaging about a foot thick, composed of

micaceous shale, indurated sandstone and an impure coal, which,

Mr. Cadell states,* has been crumpled and at one place completely

doubled up by the overlying flow. The decomposed top of the

lava under the coal is traversed by various calcareous streaks, one
of which (11787) appears to Dr. Flett to have been marmorised along

a thin layer at the contact.

Many loose blocks on the waste heap of No. 3 Pit, Kinneil, show
an impure sandy sediment wrapping round large pieces of vesicular

trap, which have perhaps come from near the horizon of the Wandering
Coal (see p. 132).

In the southern part of the area many bands of igneous rock

have been found in positions below the Eed Coal, and the sedimentary

partings are subordinate to them. These, however, are not well

exposed at the outcrop, and it is doubtful where they first come
in. In the boring No. 2 Bonnytoun (Kinneil), which is near the

old mine near Upper Bonnytoun, the journal records one band
between the Six-foot Coal and the East Main and another between
the East Main and the Smithy. Farther south-east the borings

No. 2 and No. 1 Parkhead show an excess of whinstone for several

hundred feet below the probable position of the Eed Coal.

Near the Forth the volcanic rocks that underlie the Upper
Ironstone are succeeded by a series of sediments, about 270 ft. in

thickness. The next volcanic zone is not far beneath the Index Lime-
stone where an olivine dolerite of Dalmeny type (11772) occurs, which
is well exposed at Bo'ness Distillery, its thickness there being about

24 ft., and its top 10 ft. below the limestone. Mr. CadeU states that

a thin bed of ash was formerly exposed just beneath the lava in this

locality. Both westward and southward from the distillery this

* " Notes on the Volcanic Bocks of the Borrowstounnesa Coal-Field," Trans. Edin.

Qeol. Soc., vol. iii. p. 311.
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volcanic zone increases considerably in thickness, being 51 ft. in the

Snab Pit No. 1, and about the same in No. 3 Pit, Kinneil*
Farther south, near the Avon and the Little Mill, the section

below the Index Limestone is very different and shows more igneous

rock. Fifty yards above the foot of the burn that comes into the

Avon from the north nearly a third of a mile north-west of the Mill,

the coal below the Index rests directly on a fine-grained, reddish-

brown mudstone, 18 or 20 ft. thick, which contains in places round
lumps of dark igneous rock about a foot long. The top of the

mudstone is penetrated by many narrow cylindrical harder parts,

which perhaps represent fossil rootlets. Underneath it come
9 or 10 feet of shaly or flaggy sandstone underlain by tuff—the

top of the Little Mill ash, which is so well exposed in the big scars

on the river side between this locality and the Little Mill. It is

generally of a dark-green colour, false-bedded and full of fragments of

decomposed vesicular trap, often about half an inch long, together

with other much larger and fresher pieces. The larger occasionally

attain a length of several feet, are somewhat round and perhaps
represent "bombs." Mr. Cadell states that the bed contains

pseudomorphs of splinters of coniferous wood, in which the woody
substance has generally been entirely replaced by calcareous matter.f

The dip is usually at gentle angles, rarely as much as 25°, and
near the Little Burn it is in the same direction and of much the

same amount as that of the overlying sediments. In the burn
S.S.W. of Swordie Mains, however, the ash dips nearly south at

gentle angles, though it is almost certain that the underlying sedi-

ments on the south-east side must have a westerly inclination. The
appearances may be best accounted for on the supposition that

the beds of ash were originally piled up so as to form a bank with
the layers on either side inclined outwards at angles of 20° or 30°.

A series of borings (Balderston borings) just on the north side of the

scars of tuff in the Avon have pierced considerable thicknesses of

sediment mixed with rock, recorded as "whin," presumably ash in

these cases. Hence it is clear that the ash must be of very irregular

distribution. Perhaps it lies very near a submarine volcanic

neck (of earlier date than the Index Limestone) and from time to

time the materials may have been irregularly sorted under water.

The boring No. 6 Kinneil (see p. 136) begins in the tuff about
150 yds. east of the Mill, and goes down 490 ft. before meeting the

first band of sediments, which consists of blaes and faky fireclay

about seven feet thick. Mr. Cadell supposes this boring has pierced

the volcanic neck which supplied the ash,J but the bedding in the

tuff only 30 yds. away is almost horizontal, and at various depths
below the sediments described other thin bands of blaes are recorded,

down to the bottom at 691 ft.

In the burn a third of a mile north-west of the Mill a band
of decomposed dolerite (11771) occurs a little above the top of

the tuff. This must be nearly on the same stratigraphical position

as the trap at Bo'ness Distillery, but possibly it is of intrusive

character.

About 230 yds. N.N.E. of the Snab Pits a band of olivine dolerite

(11773), probably a lava flow, is exposed at the roadside and was
* H. M. Cadell, op. cit, plate facing p. 312. f Op. cit., p. 313. } Op. cit., p. 318.
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formerly visible on the foreshore a little farther north-west. The
stratigraphical position seems about 150 ft. above the Index Lime-
stone, for Snab Pit No. 1 pierced a band of " whinstone," 5 ft. 6 in.

thick, in this position, very near the top of the shaft. In the

Avon near the Avon Mills east of Waukmilton, and in the water-

course north of the mill, a band of much decomposed porphyritic

olivine basalt (11774) occurs, and in boring No. 1 Langloan, about
200 yds. west of Kinneil Mills, this band was again found, with a

thickness of 22 ft., and its base about 90 ft. above the Index
Limestone. As the sedimentary beds above this limestone seem to

become thicker northwards to the Forth (see p. 141), it is possible

that the band is the same as that exposed near the Snab Pits,

especially as it appears to have been met in several bores a little

north of the Avon, including No. 2 Eussell, in which the base was
110 ft. above the Index Limestone.

About 300 yds. west of the Snab Pits a slightly higher band of
" greenstone " was also formerly exposed on the foreshore, but is now
deeply covered under artificially made ground.

The top of an ash bed is obscurely seen in a little burn about

170 yds. N.N.E. of Kinneil Mills : its stratigraphical position is

possibly 40 or 50 ft. below the Kinneil Mills Limestone ; the thickness

is perhaps only a few feet.

About 11 ft. below the outcrop of the Kinneil Mills Limestone
in the Avon a thin oolitic, calcareous, ferruginous bed contains green
chloritic patches (11746), which Dr. Flett supposes may possibly

represent pieces of decomposed ash.

In a still higher position, perhaps nearly half-way between the

Arden (Dykeneuk) and Castlecary (Leven Seat) Limestones, we find

two other thin oolitic, calcareous, and ferruginous beds, the lower of

which (11748) contains lumps stated by Dr. Flett to have some
resemblance to volcanic spongy lapilli. c. T. c.

In the neighbourhood of Charlestown on the north side of Ijhe

Forth, the volcanic group of the Bathgate Hills is represented only

by some thin beds of tuff interstratified with the Lower Limestone
group. A bed of coarse tuff overlies a limestone in the railway

cutting three-quarters of a mile west of Charlestown Station, and
several beds of green tuff are interstratified with sandstone in the

middle of Ironmill Bay. A broad exposure of greenish tuff, near

low-water mark in the middle of the Bay, may mark the site of an
ash-neck, the sedimentary rocks close to the tuff being' tilted up at

high angles. H. B. M.

Volcanic Necks West of Edinburgh and the Pentland Hills.

In the upper Oil-shale group and basal beds of the Carboniferous

Limestone series masses of agglomerate and tuff occur, sometimes

pierced by irregular intrusions of basalt. In some cases these necks

form prominent features in the landscape ; in others they are known
only through underground mining operations. Very interesting in

this respect is the neck at Gallowscrook, near Philpstoun, described

below.

Beyond the fact that the necks must be later than the sediments
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through which they cut, there is no direct evidence as to their

age, but it will be noticed from the map that these necks all lie

to the eastward of the lavas and tuffs of the Bathgate Hills, and
pierce rocks, which lie below or at the base of the extrusive rocks.

There can therefore be little doubt that the necks mark some of the

orifices through which the Bathgate Hills volcanic series were
erupted. The petrographical similarity of the tuffs and basalts

occupying the necks with the bedded tuffs and lavas further

strengthens this view. H. B. M.

The ground plan of the neck at Niddry Castle forms an irregular

oval, the longest axis measuring 500 yds. It is filled with a fine-

grained, dull green tuff which in places contains small fragments of

black shale and grains of carbonate of copper. The ash is unstratified

and in places contains large fragments of shale and ironstone.

Two intrusions of dolerite intersect the western side of the neck,

and on its north and south sides the surrounding strata roll over and
are inclined towards the vent.

The Tar Hill vent lies directly north of Ecclesmachan village,

and forms a conspicuous feature in the landscape with the deep
hollow of the Niddry Burn encircling its southern and western sides,

while the eastern flank is a long sloping drum of boulder clay. Its

longer axis measures 700 yds. The rock is a fine-grained, unstratified

tuff with many baked fragments of shale.

Two small orifices occur at West Broadlaw and south of West
Binny, which are filled with dull yellowish and green tuff with small

indurated fragments of shale and sandstone.

The neck at G-allowscrook half a mile east of Philpstoun does not

appear at the surface, but was found during mining operations in

the Broxburn Seam at this locality. A mine, 360 ft. in length,

crossed the vent, and the walls were found to be quite perpendicular

but somewhat slickensided, doubtless due to the subsidence of the

materials. The oil-shale was unaltered to within a foot or two of the

ash, and in common with most necks the strata for some little

distance dip towards the vent. The tuff varies in character and
structure, is chiefly fine-grained with occasional large blocks of

black shale or, again, it contained small veins of pitch or solid

paraffin.*

If the extent of ground covered by tuff round any one neck
forms any criterion as to the actual size of the vent, that of Binns Hill

would then be the largest in this district. It is quite possible, how-
ever, that the actual neck is smaller than the area shown on the

map and that a portion of the ash-covered ground includes material

heaped up outside the margin of the vent.

One small exposure of tuff in a quarry and another in a small
cliff below probably indicate the presence of a small neck at West
Shore Wood. The green agglomerate contains rounded and angular

bombs up to one foot in diameter. Blocks of dark greenish grey
tuff probably mark the position of a small neck on the shore a short

distance to the east of Society. j. s. G. w.

A small volcanic neck, filled with coarse agglomerate, is exposed
in the Brox Burn below the filter beds for the Bangour Asylum
Eeservoir. The agglomerate, in contrast with the bedded tuff

* H, M. Cadell, Trans. Inst. Min. Eng., 1901, vol. xxii. p, 353,
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exposed higher up the burn, contains abundant large blocks of

agglomerate and of sedimentary rocks. It truncates the edges of

the surrounding shales and sandstones, which are greatly disturbed.

The conical hill of tuff that forms the summit of the Eiccarton

Hills may be a neck, but the relations with the surrounding basalts

are obscure. H. B. M.

In the Calciferous Sandstone and basal beds of the Carboniferous

Limestone series, in the neighbourhood of Linlithgow, masses of

coarse agglomerate occur, sometimes forming prominent features, as

at Pilgrims HUl north of the Poorhouse, east of Cauldhame and east of

Parkly Place. The lapilli are sometimes an inch across, but usually

smaller. They are composed chiefly of igneous material, but carbon-

ised plant fragments are common. The microscope shows that sand

grains form a considerable part of the finer material between the larger

fragments. Basalt intrusions, in the form of plugs or thin dykes,

are frequently connected with these masses of ash, and are com-
posed of rock similar in appearance to that of the lavas, but a

specimen from one of the plugs 700 yds. north of Eiccarton was
found on microscopic examination by Dr. Flett to contain analcime.

The adventitious appearance of the masses of ash referred to,

their oval or circular plan, their massive character, unbedded appear-

ance, and their intimate association with intrusive rocks similar to

the lavas, support the conclusion that these masses represent fiUed-

up vents whence the lavas in the overlying strata have been poured
out. G. w. G.



CHAPTEE X.

CALCIFBEOUS SANDSTONE SERIES OF THE MID-LOTHIAN
BASIN.

The Mid-Lothian Coal-field lies, as already stated, on the

eastern side of a line of powerful disturbance—the Pentland
fault—trending N.N.E., which has brought up the older Palaeozoic

Eocks of the Pentland Hills on the west (see horizontal section

in Sheet 32, colour printed edition).

Within this coal-field an important development of true Coal

Measures forms a basin, the axis of which is nearly parallel to

the fault. It seems probable that the synclinal arrangement of

the strata has been developed under the influence of considerable

earth pressure acting from a westerly direction, for on the west
side of the basin the rocks often dip at high angles, from 50° to 90°,

or are even reversed, while on the east the inclination does not

usually exceed 25° or 30°.

The strata are divisible into various groups, the positions and
general thicknesses of which are shown in the following table :

—

{Middle Coal Measures (?), perhaps 460 ft.

Lower Goal Measures, perhaps 1300 ft.

Millstone Grit or Eoslin Sandstone Series, upper
portion, often about 400 ft.

Millstone Grit or Roslin Sandstone Series, lower
portion, often about 200 ft.

Garb. f Upper Limestone Group, from 550 to 1070 ft.

Limestone
|
Edge Coal Group, from 550 to 1000 ft.

Series. (.Lower Limestone Group, from 240 to 540 ft.

Calciferous
r*^il-^^^l^ Group, more than 2000 ft. at Straiten,

Sandstone -!
^^^ probably diminishes greatly southwards

(3 •
j

and eastwards.

(.Cementstone Group.

The detailed examination of the Mid-Lothian basin has proved
that in the north-west portion of the area, in the neighbourhood
of Niddrie, the strata are unusually thick, while both in a south-
western and an eastern direction from that locality all the groups
diminish in thickness, and the coals of the Edge Coal series become
fewer and thinner.* The only exceptions are some of the limestones.

Between Niddrie and the Emily Pit, Arniston—a distance of about
six and a half miles in a S.S.E. direction—the Edge Coal group
thins down from about 1050 ft. to about 600 ft., and there is

a strong presumption that the diminution continues still farther

in a southerly direction from the Emily Pit. At Mauricewood,
near Penicuik, the decrease is also marked, the thickness of strata

between the top of the highest and the bottom of the lowest coal in

this division being only slightly more than 500 ft. (see p. 211). At
* Most of these points have been illustrated in the vertical sections engraved on

the margin of the colour printed edition of the one-inch map 32,
169

Lower
Carboniferous.
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the same place the total thickness of the coal seams in the group
referred to is diminished to 44 ft., while at Loanhead—hardly four

miles away—it is 97 ft. In the Lower Limestone division the

diminution in thickness from Gilmerton to Middleton and Esperston

is equally pronounced, from about 700 ft. to about 200 ft.

It will also be seen from the vertical sections in Sheet 32 that

the Lower Coal Measures and the Edge Coal group include a

valuable series of coals, and are separated from each other by a

somewhat barren division composed of the Eoslin Sandstone series

(Millstone Grit) and the Upper Limestone group. Some coals of

good quality are found in certain districts among both the Upper
and the Lower Limestones, and thin impure limestones and marine
horizons are known to occur in the Coal Measures, and also in

the Eoslin Sandstone series and Edge Coal group. It is noticeable

in this district, as in many others, that the limestones and marine
horizons often lie only a little distance above coals and fireclays.

The length of the basin formed by the true Coal Measm'es,

from the sea at Musselburgh to the southern extremity beyond
Eosewell, is rather more than nine miles. Its breadth varies

considerably from place to place, chiefly in consequence of cross

faults, but it probably never exceeds three and a half miles.

Eound the central basin of Coal Measures the Eoslin Sandstone
series forms a belt which is particularly narrow in the north-

west area in consequence of the unusually steep inclination of the

strata. It also extends for a considerable distance in a south-

westerly direction past Penicuik to Auchencorth Moss, near the

southern margin of the map.
Outside the rim formed by the Eoslin Sandstone the different

divisions of the Carboniferous Limestone series are affected by
various folds. Thus on the west, near Gilmerton, a compound syncline

causes the outcrop of the Carboniferous Limestone series to extend
locally nearly three-quarters of a mile west of its usual line of crop.

A little farther south near Broomhills and Bilston Burn, the

Gilmerton syncline may still be recognised lying to the west of

the Straiton anticline (see Fig. 1.3, p. 163). It will be observed

that at the west side of this section the beds are reversed near the

Pentland fault, as is often the case in other places situated along

this belt of disturbance. On the east side of the basin there

is one important anticlinal fold with a N.N.E. axis, along

the centre of which beds belonging to the Lower Limestone group

emerge at Cousland and the Eoman Camp. On the eastern

side of this anticline the Edge Coals dip E.S.E. and extend

eastwards into the East Lothian Coal-field (see "The Geology of

East Lothian," 1910, Geol. Sur. Mem.).

The strata on the south-western side of the Musselburgh and
Eosewell basin of Coal Measures are affected by various folds,

some of which appear to die out before they reach the basin, and
along the synclinal portions of these folds we find various small

outliers of Coal Measures, one just south of Penicuik and another

a mile and a half S.S.W. of that town.

In this district the Calciferous Sandstone series is chiefly

confined to the western side of the basin, but it occurs also to

the south-east of the Lower Limestone group near Borthwick and
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Old Middleton. As will be noticed subsequently, it includes some
beds of marine limestone of much the same type as those in the

Carboniferous Limestone series.

The boundary line between the Calciferous Sandstone and the

Carboniferous Limestone series has been drawn at the base of the

Gilmerton Limestone, which, in the Bilston Burn, has been converted
into ochre. But a considerable amount of stratigraphical and
palaeontological evidence has been accumiilated, partly by Mr.
Macconochie, which makes it not improbable that a lower limestone,

the base of which in the Burdiehouse Burn lies 130 ft. below the

Gilmerton Limestone, really corresponds to the Lower Longcraig

Limestone of Dunbar, which, in that locality, is taken as the base

of the Carboniferous Limestone series. The little limestone referred

to rests directly on a calcareous shale with abundant remains of

Bhipidomella [Orthis'\, underlain by a thin pyritous shale, a few
inches thick, with fish remains and Lingula. A shale with Schizo-

phoria and Bhipidomella and a similar fish bed occur below the Lower
Abden Limestone on the coast of Fife, which in all probability

corresponds in position with the Lower Longcraig of Dunbar, though
neither the shale nor the fish bed has there been found in connection

with it.

The chief dislocations affecting the coal-field strike approxi-

mately east and west, and have a downthrow to the north, as, for

example, the Sheriffhall fault—which passes through Dalkeith

—

and the westerly continuation of the large north-east fault at Vogrie.

The displacements effected by both these faults appear to be very
large near the centre of the basin, but much less at the sides, and
this fact has led to the supposition that they were developed in great

part simultaneously with the folding that produced the synclinal

arrangement of the strata.

One of the best sections in the district is that on the shore at

Joppa, which extends from about the middle of the Upper Limestone
group, through the Eoslin Sandstone series, into the Lower Coal

Measures. It has been measured by W. Gibson and D. Tait, and
the details are shown in the horizontal section (Plate VII.), but it

should be stated that the coal seams are not well seen, and the

positions of some of them are doubtful.

Probably' the best inland section of the Carboniferous strata is

that in the Bilston Burn, on the west side of the basin, near
Loanhead, which cuts the lower part of the Eoslin Sandstone series,

the whole of the Carboniferous Limestone and part of the Calciferous

Sandstone (see Fig, 15, p. 181). The lower beds of the true Coal
Measures are well exposed in the N'orth Esk near Elginhaugh, in the

South Esk near Newbattle Abbey and in the railway cutting near

Broomieknowe Station. c. x. c.

Oil-Shale Group.

poetobello, niddeie, and gilmerton area.

Certain oil-shales to the west of Niddrie have been artificially

exposed, but they have never been wrought, and the record of the

precise position of their outcrops has been lost. We have no exact
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knowledge of even the upper portion of the Calciferous Sandstone

group north of Gilmerton, but near this village the Burdiehouse

Burn twice in its course affords a good section of strata underlying

the GUmerton Limestone. At Hyvots Bank, just above the first

crossing of the limestone by the stream, the section is more
extensive, though not so clear as that exposed farther down stream,

for a short distance above the bridge of the main road. The Hyvots
Bank section has, moreover, the advantage of showing the beds in

question passing naturally beneath the Gilmerton Limestone, while

in the other section a small fault obscures the relationship. The
two sections agree in their details, which are shown below, in

descending order, as far as the down-stream section extends.

GiLMEETON LIMESTONE, Blaok Shale (middle portion burns) .

.

LIMESTONE, almost entirely consisting of remains of Productus
semireticulatiis and P. loTUjispiniis

Coal of poor quality

Fireclay

Sandstone
Dark Fireclay .

.

Ironstone band with plants and fish

Dark Shale*
Coal dangh
Flaggy Sandstone
Sandy Shale .

.

Black Carbonaceous Shale .

.

EiMESTONB, dark
Blaok Shale
Black Shale

The Hyvots Bank section shows some still lower beds, namely

—

LIMESTONE, dark . . . .

Dark calcareous Shales with limestone nodules
LIMESTONE, dark shaly
limestone, massive grey encrinital, with JJAipidomeMa band at base

Thin band with Lingula and fish bones ("bone bed ")

Dark Shale
Grey Shale with ironstone nodules

Coal, Parrot
Grey Shale (passing down into faky sandstones) at least

Where the grey shale at the bottom of the above section is

reached in the burn, a fault reintroduces the lower part of the

limestone and the bone bed.f The Parrot Coal in this second
exposure is overlain by a 2-in. blackband ironstone with remains
of entomostraca. The sandstones beneath the grey shales are not

well seen ; they are thin, however, and in the second exposure are

underlain by grey marls with calcareous concretions.

Below these marls there is a gap in the section, but from com-
parison with the fuller sequence of the Bilston Burn section, to be
described in the sequel, it is probable that these grey marls rest upon

Ft.
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a considerable mass of grey faky sandstone, part of which is cut out

by the continuation of the fault which, as already mentioned, redupli-

cates a portion of the section farther down stream. Be this as it

may, the next beds below the faky sandstones of Bilston Burn are

exposed in the Burdiehouse Burn a little below the Lasswade road,

and consist of a mass of grey sandy shales overlying a thin grey

shaly marine limestone—the Cephalopod Limestone of Bilston Burn.

It should be mentioned that a coal, reputed to be about two feet

thick, was wrought in Bilston Burn at a slightly higher horizon

than these grey shales, and although not actually exposed in

Burdiehouse Burn it would probably be easy to locate the outcrop.

It is interesting to recall that Mr. John Henderson was the first

to draw attention to the occurrence of marine limestones below the

Gilmerton Limestone in this burn section.* The relations of these

marine bands to the Lower Abden Limestone in Fife will be referred

to in the sequel (p. 170). E. B. b.

AREA BETWEEN STRAITON AND GLENCORSE BURN.

No representatives of the Cementstone group have been detected

in this area, but the tract is one of economic importance from the

presence of a succession of valuable oil-shales overlying the Bui'die-

/y.£

BROOMHILL STRAITON
s.yv.

LOAIVHEAD

Fig. 13.—Section of Burdiehouse and Straiton Shale-field.

P.S. Pumpherston Shale. B.L. Burdiehouse Limestone. D.S. Dunnet Shale.

By. Sa. Binny Sandstone. B.S. Broxburn Shale. F.S. Fell Shale. H.C.Houston
Coal. Pa.S. Paper Shale. N.G.L. North Greens Limestone. P.F. Pentland

Fault.

house Limestone at Straiton, which represent some of the well-known

seams in West Lothian. Much information regarding the succession

of the oil-bearing strata is available from mining records, which can

be supplemented as regards the higher portion of the Oil-shale group

by the excellent natural section of Bilston Burn.

The main structural features may thus be briefly summarised.

* " On some Marine Beds underlying

Gml. Soc.,~ 1882, vol. \v. p. 217.

the Gilmerton Limestone," Trans, Edin.
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A well-marked anticlinal fold runs in a N.N.E. direction near

Straiten, on whose western side the beds form a compound
syncline, the western limb being inverted next the Pentland fault.

The latter fold is a continuation southwards of the Gilmerton

trough. On the eastern side the members of the Oil-shale group

plunge beneath the Carboniferous Limestone series at high angles.

In the southern portion of the mined area, near Pentland Mains,

the three seams are thrown into a sharp compound anticline, and.

after passing over this flexure the' different outcrops, without any
break, resume their former trend.

The most important geological horizon in this area is the Burdie-

house Limestone which has been wrought only on the east side of

the Straiten arch, but its position to the west has been proved in

bores. To the north its outcrop is truncated by a fault with a down-
throw of 60 fms. in that direction, which crosses the Straiton

anticline with an east and west trend and is probably the continua-

tion of the Sheriffhall dislocation.

Definite information concerning the nature of the strata below
the Burdiehouse Limestone is afforded by a diamond bore at

Straiton which was put down in the centre of the anticline (Fig. 13).

It begins a short distance below the limestone and its general features

are given in the following section :

—

DiamoTid Bore, Straiton (condensed).

Surface
Blaes

LIMESTONE (foSsils)

Fakes and Blaes .

.

Sandstone .

.

Fakes and Blaes .

.

Sandstone, brown
Fakes and Blaes .

.

Shaly Blaes

Blaes and Fakes .

.

Sandstone, limy posts

LIMBSTONB (foSSils)

Blaes and ribs

Coal
Fakes and Fireclay on top

Sandstone .

.

Blaes, Fakes and ribs

LIMESTONE (foSSils)

Faky Blaes and ribs

ISbale
....

Limy Fakes, and Blaes

Shaly Blaes witli rib .

.

Sandstone and Blaes
^Shaly Blaes

Blaes with cement ribs

Sandstone with partings
Blaes with cement ribs

Sandstone with partings
Blaes

Marls, Blaes with cement ribs

Faky Blaes and ribs

Ft.
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The shale and shaly blaes lying between 460 and 548 ft. from the top

apparently represent the Pumpherston position.

To the east of Crawley Cottages in G-lencorse Burn, a 4-in.

coal and thin limestone band with blaes are seen in the bed of the

stream. A gap equivalent to 100 ft. of strata here occurs, beyond
which comes a thick brown sandstone dipping again to the east.

This thin coal may possibly be the equivalent of the 1-in. seam in the

Straiton bore, and the sandstone may represent the brown sandstone,

45 ft. thick, which lies 112 ft. above this coal.

Higher up the stream the following section is exposed :

—

Ft.

Black blaes with cement bands . . . . . . . . . . 8
Grey blaes and fireclay . . 10
Sandstone, banded . . . . . . . . . . . . . . 4

Burdiehouse Limestone.—^Eeference has already been made in

Chapter VI. (p. 47) to Dr. Hibbert's classic paper on the limestone

at Burdiehouse, in which he called attention to the absence of true

marine organisms and advocated its fresh-water origin from the

occurrence in it of plants, entomostraca and fish remains chiefly of

Palseoniscid fishes.

After a prolonged study of Scottish Carboniferous ichthyology,

Dr. Traquair has been led to the conclusion that the distinctive fish

fauna of the Burdiehouse Limestone implies estuarine as opposed
to marine or open sea conditions. The fish remains are frequently

found, though not in the Burdiehouse Limestone itself, in association

with Lingula but not with the hinged brachiopods, such as Productus.

In the previous edition of this memoir, Salter remarked* that
" the fossils found in the Burdiehouse Limestones are for the greater

part distinct from those of other parts of the Lower Carboniferous

series. This may be partly due to greater attention having been
paid to this celebrated limestone by collectors." In commenting
upon this sagacious inference Dr. Traquair notes that " this explana-

tion of a supposed fact has indeed proved to be true even in a more
emphatic sense than is implied by the word 'partly.' As regards

the fishes, at least, if we leave out of consideration the names
cancelled above, all the species contained in the Burdiehouse list,

except Megalichthys laticeps and Uronemus lohatus, occur in the

Dunnet Shale above and many of them in the Wardie Shales below." f
The following is a vertical section of the Burdiehouse strata

quoted from Hibbert's description : J

—

a. Argillaceous and bituminous shale of a very dark colour, alternating

with which are thin seams of ironstone, and three or more very thin
seams of limestone, the latter being from 2 to 2| in. thick, and at

intervals from each other of 2Y to 36 in. From 30 to 50 ft. of shale

are exposed.

b. The limestone of Burdiehouse, 2'7 ft. thick.

c A pavement of rather soft blaes, 2 or 3 ft. thick. This is an argillaceous

and bituminous shale mixed with calcareous matter, and forming,
near the junction of the rock, or immediately subjacent to it, an
impure limestone.

* " The Geology of the Neighbourhood of Edinburgh," 1861, p. 146. .

t Tran3. Roy. 8oc. Edin., 1903, vol. xl. p. 692.

X Trana. Roy. Boc. Edin., 1833-4, vol. xiii. p..244.
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d. Limestone of inferior quality, 3 or 4 ft. thick.

e. Black blaes (argillaceous and bituminous sbale), rather soft, 3 or 4 ft.

thick.

/. A seam of coal, 6 to 10 in. thick.

g. " Yellow clay " (an argillaceous and shaly sandstone 1). Some of the

workmen describe this bed as metal, and as forming a very coarse

freestone. Depth unknown.

The beds of argillaceous shale, both above and below the lime-

stone, contain the same organic remains as the latter.

The limestone is regularly stratified and of various tints, often

bluish grey or blackish grey from the bituminous or vegetable

matter which is so abundantly diffused through it. It possesses a

dull and earthy fracture, the rock being charged with innumerable

tests of ostracods. It breaks very readily along the bedding planes

where the bands of limestone alternate with thin laminae of

vegetable or bituminous matter. Where these are absent it breaks

with a conchoidal fracture.

For over one hundred years the limestone has been opened out by
a series of quarries between Straiten and Burdiehouse Mains. To the

south-west of Straiton its position has been proved by numerous
bores, and to the south of Pentland Mains there are traces of

several old quarries. From this point to the west of Penicuik it

cannot be traced, but it is possible that it extends to the south of

the Glencorse Burn, for below Crawley Cottage cementstone bands
are exposed in this stream. This bed is at present only wrought
at two localities : at the Straiton Oil Works by a pit sunk 50 fms.

with stoop and room workings, and at the opencast quarry to the

east of Burdiehouse Mains by a mine 160 fms. in length.

The workings along the north face of this mine have proved the

position of an east and west fault with 60 fms. downthrow to the

north, to which reference has already been made. The average dip

in the quarries is 20° to 30°, and in the underground workings 47° to

the south-east.

To the south-east of the quarried outcrop of the Burdiehouse
Limestone between Pentland and Burdiehouse Mains is situated

the oil-shale field recently wrought by the Clippens Oil Company.
The proved ground is two mUes in length with an average breadth

of 600 yds. and contains several workable seams.

The oil-shales above the limestone are shown in the following

section :

—

Paper Shale
Strata to .

.

Houston Coal
Strata to .

.

Twenty-inch Coal
Strata to .

.

Fells Shale
Strata to .

.

Beoxbuen Shale
Strata to .

.

DuNNET Shale
Strata to .

.

B0BDIEHOUSE limestone.

The actual outcrops of the Dunnet, Fells and Broxburn Shales

have been proved by mining and the remaining coals and shales by

Ft.
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bores and trial pits. A glance at the map will show how closely

these different seams follow the outcrop of the limestone. To the

south of Pentland Mains the two lowest shales are thrown into four

successive folds, but apart from these flexures the structure of the

field is very simple. It is crossed by no faults of any importance

and the different beds dip to the south-east beginning at 44° and
increasing to 58°.

The Bunnet Shale is from 5^ to 6 ft. thick, yields from 25 to 26

gallons of oil and 20 to 23 lb. of sulphate of ammonia per ton of shale,

and is rich in solid paraffin, known technically as " scale." The roof of

this seam is composed of soft friable blaes which is a disadvantage in

mining the shale.

The roof and floor of this bed have yielded a rich fish fauna to

Dr. Traquair.* He remarks that "of the twenty-one accurately

determined species here recorded, twelve occur in the Burdiehouse

Limestone below, which was considered to be a ' fresh-water lime-

stone' by Dr. Hibbert. Fragments of cephalopodous shells in the

roof-shale bear witness to the fact that marine conditions were not

far off, and that ' estuarine ' is rather a better word in the circum-

stances."

The Broxburn Shale gives from 20 to 22 gallons of crude oil and
20 to 21 lb. of sulphate of ammonia per ton. It has a strong roof and
is more cheaply wrought than the Dunnet Shale. It shows the

following section :

—

Blaes .

.

Ikonstonb Band
Blaes .

.

Shale
Irony rib

Ft.
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Comparative Table of Strata in Pentland Gross-

Cut Mine and at Broxburn.

Pentland Cross-Cut Mine.

Shale, Fells
Fakes
Ironatone witli thin bands
and Blaea

Sandstone .

.

Blaes

Rock
Blaes
Sandstone .

.

Blaes

Sandstone .

.

„ and Blaes

„ hard
Blaes

LIMESTONE, dark
Blaes

Shale, brown
Blaes

Shale, poor .

.

Shale, Broxburn
Blaes

Shale
Daugh.

LIMESTONE
Blaes

LIMESTONE
Fireclay

LIMESTONE, hard
Fireclay

Sandstone .

.

Daugh
Sandstone .

.

Blaes
Sandstone .

.

Blaes
Ironstone .

.

Shale .

.

Blaes
Daugh
Blaes

Shale, Dunnet
Blaes

limestone
Fakes
Faky Sandstone
Hard faky Sandstone
Fakes
Faky Sandstone
Kennel
Blaes

limestone, Burdiehouse

Ft. In.

1 8
8 10

Broxburn.

24
13

3
4
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The Dunnet and fells Shales have been got in the basin to the west,

and the latter seam at Broomhills Parm appears in an inverted

synclinal fold. The exposures are disconnected.

East of Broomhills Farm the beds in the Burdiehouse Burn dip to

the south-east at very high angles and are sometimes vertical.

They consist of black blaes with a bed of oil-shale. At the edge of

the burn below the farmhouse a mine has been driven for a short

distance into the shale, which is reported by Mr. Gemmell to be the

Fells and about 2 ft. 6 in. thick. This seam occupies a small com-
pound synclinal trough with steep sides. The shale was tested but

found to be unsatisfactory. Between Broomhills and the Pentland

fault a 4-ft. curly shale has been uncovered which was believed

to be the Dunnet Seam. On the east side of the compound synclinal

fold, and at the edge of the flat ground below Broomhill Cottage, this

same shale was opened out by a pit. It dipped to north-west, was
4 ft. 7 in. thick and proved to be the Dunnet Shale lying about 130
ft. above the Burdiehouse Limestone.

Oil-shale crops have been opened out at various places between
the Kames and Hyvots Bank, and at St. Catherines Well crude

paraffin is found floating on the surface of the water.

Some years ago the South House property was bored, but the

results were not satisfactory, although they were not such as to

preclude the possibility of finding a valuable field to the north of

the Burdiehouse fault.

Above the Paper Shale of Straiton there is no section to indicate

the nature of the strata for 561 ft. of vertical thickness.

The section in the Bilston Burn commences on the east side of

the Edinburgh road with a cream-coloured encrinital limestone.

Eighteen feet above this horizon is a bed of blaes with oil-shale

bands, which is overlaid by a grey encrinital limestone, 1 ft.

thick. Next in order comes a calmy calcareous mudstone, 4 ft.

thick, which has been termed the Cephalopod Limestone. Various

strata, aggregating 73 ft. in thickness, separate this characteristic

horizon from a coal reported to be 2 ft. thick, the latter seam being

overlaid by 72| ft. of beds, on top of which comes a very peculiar

light-colom'ed lumpy fireclay with nodular concretions. Eeference
has already been made to the occurrence of the Cephalopod Limestone
and the lumpy marl or fireclay in the Burdiehouse Burn section, near
Grilmerton, which together with the Ehipidomella [Orthis] shale and
fish band enabled Mr. Macconochie to institute a comparison of the

sequence of strata below the Gilmerton Limestone in the two
sections (Fig. 14).

The close correspondence in the sequence of zones in these two
sections seems to involve the acceptance of an ochre bed (21 ft. thick)

as. the decomposed*, representative of the. Gilmerton Limestone

(60 ft. thick). This correlation had been already reached on account

of the close lithological resemblance of the sandstones above the

ochre bed and limestone respectively, and also because both lie

about 100 ft. beneath the North Greens Coal.

Another important point is the correlation of these Mid-Lothian
sections with that on the Fife coast near Kinghorn, which Mr.

* Cf. C. T. Clough, " On the Disappearance of Limestones in High Teeedale," Oeol.

Mag., 1903, p. 259; and G. A. Matley, Q.J.G.8., 1900, vol. Ixii. pp. 291, 29?.
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Maoconoehie's discovery of the fish bone bed has rendered possible.

From general etratigraphical relations it will be readily conceded

that the thin limestone beneath the Gilnierton (and ochre bed)

might represent the first or lower Abden Limestone of Fife, so

that when it is found to be underlain by a shale with EMpidomella and

QILMERTON SECTION.

GILMEKTON LIMESTO^JE.

Black Shale =

Shelly LimeBtone
Coal (poor)

Fireclay

Sandstones

Dark Fireclay

IRONSTONE with plants

Dark Shale

Coaly Daugh

BILSTON BURN SECTION.

Flaggy Sandstone

Bandy Shale

Black Shale

Dark Limestone

Dark Limestone

Dark Calcareous Shale
with limestone Nodules

Dark Shaly Limestone

Encrinital Bed overlying
RhipidomeUa Shale & Fish Bed

Dark Shale

Grey Shale with Ironntone Nodules
COAL (Parrot) 6"

Grey Shale resting on
Faky Sandstones

-xiu'3''.rji;

KINGHORN ABDEN
LIMESTONE.

FISH BONL B£0.

Coal 8".

Grey Fakes.

Yellow Sandstone.

Coal (impure) 1' 6".

LlSmSTONE & IRONSTONE with plants.

Soft Yellow Sandstone
faky at base.

Sandy Shale
with band at base.

Argillaceous Shale with Foasiliferous
Ironstone Nodules.

Dark Fissile Shales.

Limestone (Calmy).
Limestone (Encrinital).
lihipiclomelta Shale & Fish Bed.

Dark Fissile Shale.

Splint Coal 5".

Grey Shales.

Concretionary
Maria or
Fireclay^.

Fissile Sandstone.

Grey Shales.

Fig. 14.^-Comparative Sections of Strata below the Gilmerton Limestone in Burdiehouse
Burn and in the Bilston Burn (scale 40 feet= l inch).

this in turn by a bed charged with fragments of Lingula and fish

remains, just as in the Fife section, the grounds for correlation seem
reasonably conclusive. It may be noted, however, that Dr. Traquair,

who has determined the fish remains present, regards the bone bed

by itself as inconclusive, for much the same assemblage of forms

might be expected in any bone bed about this horizon. Eut the
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crucial evidence that helps to fix the horizon is the stratigraphical

relation of the bone bed containing Lingula to the shale with

Mhipidomella and the limestone. j. s. G.w., E. B. B.

PENICUIK, CARLOPS AND RUTHERFOKD AEEA.

The area extending, from Penicuik to the south end of the Mid-
Lothian basin at Eutherford in Sheet 24 presents features of consider-

able interest owing to the attenuation of the Oil-shale group in that

direction, to the thinning out and disappearance of some of the

workable seams, and to the evidence of unconformable overlap of the

members of this group on to the denuded platform of the Lower Qld
Eed Sandstone beyond Eutherford. The area is also noteworthy

owing to the occurrence in it, not far above the Burdiehouse Lime-

stone in the Esk section, of a volcanic zone which is almost immedi-

ately o\erlain by an oil-shale of good quality, termed, for convenience

of reference, the Carlops Oil-shale. No less interesting is the

appearance of thin marine limestones, detected by Mr. Macconochie,

beneath the Burdiehouse Limestone, in the Esk, yielding a remark-

able assemblage of organic remains, comprising braehiopods, bryozoa,

lamellibranchs, gasteropods and cephalopods (see description by Dr.

Lee in Appendix I. p. 369).

Eecently various bores have been put down in this area by Charles

Edward Allan, of Stormont Castle, Belfast, who has kindly

allowed the Geological Survey to examine the rock-cores and has

furnished copies of the bore journals. As the boring operations are

incomplete we are desired to confine ourselves at present to a brief

statement of the results. The Carlops Oil-shale, of good quality, and
the underlying volcanic zone have been proved to extend south-

wards to Eutherford. Northwards, at the Eight Mile Burn, a bore

beginning near the base of the Carboniferous Limestone series

passed through several oil-shales—one of good quahty—together

with olivine basalt lavas of the Bo'ness type, and reached an ento-

mostracan limestone resembling the Burdiehouse Limestone of the

North Esk.

The North Esk Section.—The best natural section of the Oil-shale

group in the Mid-Lothian basin is to be found in the North Esk below
Carlops Bridge at the southern margin of Sheet 32, where the belt

of Calciferous Sandstone strata between the Pentland fault and the

base of the Carboniferous Limestone series is about a quarter of a mile

in breadth. Both in the North Esk and in a small tributary,

named the Amazondean Burn, to the north the beds are usually

inclined at high angles and are in places inverted, but the sequence

is remarkably clear. During the former survey of the district, the

two thin bands of limestone visible in the Esk, not far below Carlops

Bridge, were regarded as representing the position of the Burdiehouse
Limestone*—a view which has been adopted during the recent

revision.

Beginningat Carlops Bridgewhere the Lower OldEedConglomerate
is seen in the river with signs of fracture evidently produced by the

Pentland fault, we find the lowest visible Carboniferous strata in

the stream about 120 yds. below the bridge, where they consist of

* " Gteology of the Neighbourhood of Edmburgh," Qeol. Sur. Mem., 1861, p. 37.
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pebbly sandstones, faky sandstones and shales. In a scar at the

bend where the river flows to the N.N.E. these beds are overlaid

by green and red clays, shales and calcareous ribs, surmounted by
pebbly grits and fine conglomerate with pebbles of radiolarian chert,

vein quartz and Lower Old Eed Sandstone lavas, some measuring an
inch across. From this point downwards for a distance of 300 yds. to

the exposure of the Burdiehouse Limestone, the strata appear mainly
on the eastern bank of the stream, and consist largely of green and
grey sandstones, grits, shales and mudstones dipping easterly at

angles varying from 30° to 50°. Intercalated in this series, we
find the marine zone already referred to, about 20 ft. thick, com-
prising the following subdivisions in descending order :

—

Thin limestone witli marine fossils.

Strata.

Thin lamellibranch limestone from 6 to 8 in. thick.

Strata.

Calcareous sandstone or sandy limestone with plant remains.
Clayey shales.

Calcareous shale, about 1 ft. in thickness, highly decomposed and crowded
with marine fossils, chiefly lamellibranchs.

About 20 ft. below the position of the Burdiehouse Limestone
there is a band of calcareous conglomerate or sandy limestone with
Zeperditia, about 3 ft. thick, which is visible on the east bank and
may probably represent the entomostracan limestone at Entherford
to the south-east, in Sheet 24.

The two bands of yellow cream-coloured limestone—the lower
measuring 3 ft. and the upper 6 ft. in thickness, which in all

probability represent the position of the Burdiehouse Limestone—are

separated from each other by about 30 ft. of green sandstones and
shales. Fossils are not abundant, but, in the upper band, entomo-
straca, fish remains and coprolites were obtained. After crossing

about 30 ft. of strata, the volcanic zone appears in the river at

the point where it changes its course towards the east. It

consists of a basalt lava overlain by a thin band of tuff,

3 in. thick, crowded with fish scales, which is, in turn, succeeded

by a bed of decomposing entomostracan limestone about 2 it.

thick.

At this point in the section, in a scar on the right bank, the first

oil-shale (the Carlops Shale) occurs with thin intercalations of grey

shale and a lenticular seam of Spirorbis limestone, containing

entomostraca. This oil-shale is of good quality and may represent

the Dunnet Shale in the Straiten section. Descending the stream

for a distance of about 60 yds., we encounter a thin oil-shale of

inferior quality,, resting on a bed of limestone, 9 in. thick; charged
with entomostraca and fish remains. A few yards farther down
another prominent scar on the right bank displays a third oil-shale

of poor quality, interleaved with grey shales, the beds dipping to the

east at angles varying from 70° to 80°. In the middle of this zone,

a thin seam of decomposing shale occurs, from which Mr. Macconochie
has obtained excellent specimens of the following arthropods, deter-

mined.by Dr. Peach, namely : Cyclus testudo, Grangopsis eskdalensis, C.

elegans, Perimeciurus and Palcemysis. The occurrence of this assemblage
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at this locality is of special interest, as the forms are almost identical

with those collected from the " Scorpion Beds " of Glencartholm, near

Canonbie, in Dumfries-shire, which occur there in the higher part

of the Calciferous Sandstone series.

From the third band of oil-shale down to the junction of the

Amazondean Burn with the Esk, the observer crosses a succession

of dark-grey and blue shales, grey and yellow sandstones, and blue

calmy shales, which are followed by a fourth band of oil-shale of

inferior quality resting on a thin seam of calcareous shale charged
with Pleurotomaria. At this point the sequence is interrupted by a

fault crossing the North Esk in a N.N.W. direction with a down-
throw to the east, whereby the fourth seam of oil-shale with its

underlying Pleurotomaria band has been shifted for a distance of

200 yds. to the north, reappearing in the Amazondean Burn not

far above the farmhouse of that name. The rock exposures in this

tributary are not continuous, but certain fossiliferous zones have been
there identified by Mr. Macconochie, which have been of service for

the purpose of correlation.

Descending the burn from the point near the high road, where the

Pleurotomaria band and accompanying oil-shale occur in inverted

order (I in Fig. 16, p. 184), and are followed by sandy fakes, the

observer, after crossing further outcrops of grey and dark shales,

meets with an exposure of calmy limestone containing cephalopods and
encrinites (the Cephalopod Limestone, II in Fig. 16, p. 184), succeeded

by bituminous shale. This calcareous subzone, likewise inverted, is

followed by ripple-marked dark and grey fakes and by a coal formerly
wrought. A few feet above this seam an important horizon is met
with (III in Fig. 16, p. 184), consisting of a bed of limestone, 3 ft. thick,

yielding encrinites and Productus semireticulatus, underlain by a thin

band crowded with Bhipidomella [OrtMs] and a peculiar shale charged
with fragments of Lingula and some fish remains (the Bone Bed of

the Burdiehouse Burn). As already indicated, these palseontological

horizons—the encrinital limestone, the Bhipidomella shale and the

fish band—have been detected in the same relative order in the Bilston

and Burdiehouse Burns to the north (p. 170). Farther down the
Amazondean Burn the Productus limestone is twice repeated by
folding.

If we assume that the entomostracan limestone beneath the
Carlops Oil-shale in the North Esk represents the Burdiehouse
Limestone, then it follows that the sections just described furnish us
with a more or less continuous sequence from the Burdiehouse
Limestone to the Bone Bed and its overlying calcareous seam, which
may be the equivalent of the Lower Abden Limestone of the Fife

coast.

Nine Mile Burn.—In this stream the higher members of the
Calciferous Sandstone are brought to the surface along an anticlinal

fold in the overlying Carboniferous Limestone series (Chapter XL,
p. 185). The sequence of the Oil-shale group on the western limb
of the arch is alone exposed, as the Gilmerton Limestone and,

underlying Calciferous Sandstone strata on the east limb are cut
out by a fault. Not far from this dislocation the Pleurotomaria
band and its overlying oil-shale are met with in the stream dipping
steeply to the W.N.W. They are followed in ascending order by
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daik shales with two thin limestones, sandstones, shales and a thin

coal. At the bend in the burn we pass up into the Carboniferous

Limestone strata, the position of the G-ilmerton Limestone being

indicated by a bed of ochre, to be referred to in the sequel

(Chapter XL, p. 186).

Along the narrow belt of Calciferous Sandstone strata extending
northwards from the Nine Mile Burn to Glencorse, scarcely any
solid rock is exposed, the stream sections being cut mainly through
boulder clay. But, as already indicated, the presence of the Oil-shale

group with several seams of shale has been proved by boring
operations near the Eight Mile Btirn. b. n. p., j. h.

Eecent boring operations in the ground between Carlops and
West Linton, a short distance beyond the limit of the present

Map, render it advisable to call attention to the further extension

southwards into the adjoining Sheet (24) .of the Calciferous

Sandstone strata found along the river Esk, in the section just

described.

The position of the lower limestones is fixed a short distance to

the east of Eutherford, the lowest bed being well exposed in Whitefield

Quarry. At a point on the Deep Syke, one-third of a mile below
the Carlops road, and half a mile south by west of Eutherford Mains,
a hard sandy light grey limestone containing entomostraca is exposed
for some distance along the bed of the stream, the beds being almost
horizontal. As this entomostracan limestone may be correlated

with the band which lies 20 ft. below the Burdiehouse Limestone
in the Esk section referred to above, it was natural to expect the
oil-shale seams of that section to occur in the ground between the

outcrop of this entomostracan limestone and the marine limestones

east of Eutherford. As already stated (p. 171), this expectation has

been fully confirmed by bores recently put down.

Further reference may be made to a series of trial bores put
down some years ago by the Clippens Oil Company in the ground
immediately to the south-east of Whitefield, a mile west of Macbie
Hill Station, and approximately half a mile west of the outcrop of the

lowest of the Carboniferous limestones. In two of these bores, an
oil-shale, 4 ft. in thickness, was proved at a depth of 8 fms.

The result of the trial borings did not at the time seem to

warrant further operations, but the presence of oil-shale at this

locality, in what appears to be a similar stratigraphical position to

that of the shales proved at Eutherford, is interesting as indicating

the probable occurrence of workable oil-shale over a considerable

area between Carlops and Macbie Hill. L. w. ii.

BOETHWICK, MIDDLETON AND TYNE WATEl!.

From evidence obtained in the ground farther to the north-east

(Sheet 33), it is probable that the lowest members of the Carbonic,

lerous formation, which cross the extreme south-eastern corner of

the Map, are in faulted relations with the Silurian strata along the

northern face of the Moorfoot Hills.

Owing, however, to the thick covering of boulder clay, which
masks the lower hill-slopes, the nature and exact position of the
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boundary line between the two formations over Middleton Moor is

to a certain extent conjectural.

The lowest beds of the series seen in this part of the area are

well exposed along the South Middleton Burn, which joins the North
Middleton Burn at Borthwick to form the Gore Water.

At the entrance of the Currie Glen, soft red and white sandstones

with marly bands are seen in an old quarry in the wood, and similar

rocks form the high banks of the stream within the glen on the

north side. At the base of these sandstones the stream flows for

some distance over the upper surface of a volcanic zone, the various

members of which—loose decomposing ash, tuff with nodules of

cherty rock, and a hard pillowy lava—appear at many points in

the banks and bed of the burn.

Close to the sudden bend made by the stream to the south, the

volcanic rocks are cut off by a small fault that crosses the bend

;

and about 100 yds. farther up stream they are again truncated

by a more powerful dislocation running approximately east and
west, with a downthrow to the south, which may be as much as

50 or 60 ft. By this fault the sandstones that overlie the

volcanic zone are brought down to the bed of the burn, where
they are seen in conjunction with a coarse agglonieratic ash.

Eed and yellow sandstones and marls appear almost continuously

along the burn fuom this point to Currie Farm, but the stream is

flowing nearly along the strike, and no great thickness of strata is

passed through. The beds are dipping N.W. to W.N.W. at low angles.

At the side of the road leading up from the stream to Currie
Farm, a thin coal associated with soft yellow sandstone is exposed

;

while dark shales underlie the drift just above the farmhouse.
The occurrence of these beds is important, as proving the red sand-
stones of the Currie Glen to lie within the Calciferous Sandstone
series.

Eeturning to Borthwick and following the course of the North
Middleton Burn, we find a considerable distance in which exposures
of rock are few and often widely separated.

The non-appearance of the oil-shales in this position may possibly
be accounted for by this discontinuity in the sections ; but from the
observation made by Mr. Bailey in the ground to the east, it seems
more probable that they are cut out by a powerful strike-fault with
a downthrow to west, whose course is indicated as crossing the
stream at Borthwick.

The upper beds of the Calciferous Sandstone seen in the North
Middleton Burn are, in ascending order,—red and yellow false-

bedded sandstones with soft variegated marls; hard yellow gritty
sandstones and coarse pebbly grits; and, immediately underlying
the lowest of the Carboniferous limestones at North Middleton,
sandstones and dark shales with ironstone nodules. l. w. h.

Below the Carboniferous Limestone series of Tyne Water we find

a considerable thickness—probably 100 ft. at least—of alternating
sandstones and marls, the former often red and the latter purplish-
grey and white. c. b, c, _



CHAPTER XL

CARBONIFEROUS LIMESTONE SERIES OP THE
MID-LOTHIAN BASIN.

LowEE Limestone G-eoup.

One of the most difficult questions connected with the stratigraphy

of the Carboniferous Limestone series in the Mid-Lothian basin is

the correlation of the lower limestones on the east side of the syncline

with those on the west. The Gilmerton Limestone, which, as

already stated, is.taken as the base of this series on the west, has a

striking resemblance lithologically to No. 2 Limestone of Tyne Water,
but it is probably on a lower horizon being below the position of the

North G-reens Coal. For this reason different designations have
been given to the lower limestones on either side. The names of the

chief calcareous zones on the east are given below in descending order

—

No. 3, or Chapel Point Limestone.
No. 2, or Skateraw Limestone.
No. 1, or Longcraig Limestone.*

On the west side of the basin the chief lower limestones are

termed in descending order

—

The Bilston Bum Limestone.

The Vexhim Upper and Lower Limestones,

The North Greens Limestone.
The Gilmerton Limestone.

The lower limestones are unusually thick at the south end of

the syncline, where in some places they seem to coalesce without

any intercalations of sandstone or shale.

On the western limb of the basin the Bilston Burn displays a
remarkably clear section of the Lower Limestone group, and indeed

of the Carboniferous Limestone series as a whole (see Fig. 15, p. 181).

No such satisfactory section is to be found on the east side, but it is

certain that some of the lower limestones there must differ consider-

ably in character from those with which they correspond strati-

graphieally on the west.

The coast sections at Aberlady, and between Dunbar and Cock-
burnspath, form connecting links between the counties of Mid-
Lothian and . Northumberland, for part of Limestone No. 2 of

Tyne Water, Mid-Lothian, is believed to correspond not only
to the Skateraw Middle Limestone of Dunbar, but also to the

Acre Limestone of Northumberland, and Limestone No. 1 of

Tyne Water is regarded as the representative of the Longcraig

* These names are taken from the localities on the coast near Dunbar, where the
supposed representatives of these limestones are best seen.

176
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Limestones of Dunbar and also of the Eelwell Limestone of

Northumberland* c. T. c.

JOPPA, NIDDRIE AND GILMERTON AREA.

On the shore at Joppa the strata are covered by sand and drift,

but indications of the limestones were found in digging the founda-

tions of houses at the east end of the town.

A section of the group was measured in 1893, in a cross-cut

mine situated a little south of the Brunstane (Burdiehouse) Burn,

by the firm of Mr. William Gow, and has been communicated by
Mr. Martin, Manager of Niddrie Collieries. The most important

details of the section are shown below in descending order. The
distance from the Carleton Coal is stated for the sake of comparison

with the Gilmerton section, which is given in the sequel (p. 179).

Various Strata, starting from the base of the

Carleton Coal and including the position

of the Blue Coal
Faky blaes

bilston burn limestone
Blaes
Sandstone and blaes

Blaes

Cement (dppee vbxhim limesiokk)
Sandstone and blaes

NiDDRiB Vexhim Coal (foul)

Fireclay .

.

Coal .

.

Coarse sandstone
Blaes
Sandstone
Blaes

^LIMESTONE

Ft. In.

NORTHTGREENS
LIMESTONE.

LIMESTONE
Blaes

LIMESTONE
Blaes

RoughParrot
I"

Coal .

.

Coal of { Blaes

Loanhead. [Coal .

.

Sandstone
Blaes

North Greens Coal f Parrot

1^
Rough

99
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Duddingston Mains, and the crops of both the North Greens and
Vexhim Coals have been opened up just south of the main line of the

railway. The Gilmerton Limestone was formerly worked close to

Niddrie House, but the quarries are now entirely filled up. South-

wards from this point to the Ferniehill Quarries there are no exposures,

but the crop of the North Greens Coal is known from mining
information.

Along this part of their course the various outcrops are deflected

so as to run almost north and south instead of N.N.E. and S.S.W.
At Ferniehill, half a mile due north of Gilmerton, the cause of the

deflection becomes evident, for the Gilmerton Limestone may there be
traced in a line of quarries round the nose of an anticline, the axis of

which runs due north and south and pitches about 15° to the south.

The Lower Limestone and Edge Coal groups between Niddrie and
Ferniehill lie on the east side of this anticline, and their inclinations

have been steepened and their outcrop narrowed by it. These effects

are best known in the Edge Coal group, to which belong the vertical

strata of Drum Quarry and the overhanging seams of No. 11 Pit (of

Niddrie), just north of Edmonstone, which have been figured by
Mr. Martin.*

In the Moredun Quarries, which run to the north-west near
Fernieside, the Gilmerton Limestone lies on the west side of the
anticline and in the most northerly quarry dips almost due west at

an angle of 45°. The anticline described is not directly continued
farther south than Gilmerton, but its place is taken by another
starting at Hyvots Mill and running S.S.W. through the village of

Pentland, the continuation of which appears in the Straiten arch

(Fig. 13, p. 163). The westerly dip of the western limbs of the two
anticlines is not continued up to the Pentland fault, for the beds are

quickly brought up again, sometimes dipping steeply to the E.S.E.,

sometimes even showing a reversed dip. This is well seen in the

Burdiehouse Burn south of the Gilmerton Eoad, where some dis-

tinctly ripple-marked flagstones overhang at an angle of 45°. Near
this point a part of the Gilmerton Limestone is exposed, but, owing to

a small fault, less than half of its full thickness is seen in the stream

section. One result of the folding described has been the production

of the shallow little basin of Gilmerton, in which we find outliers of

the North Greens Coal and Limestone. The North Greens Coal in

this basin has a thickness of nearly 4 ft. 6 in., of which 1 ft. 6 in.

is parrot, and the rest a rough coal. It is separated from the lime-

stone above by 17 ft. of sandstone and shale.

The Bilston Burn Limestone, which is not now visible north of

Gilmerton, crops out immediately to the east of Gilmerton House,
and was passed through in a pit sunk to the North Greens Coal. It

is reported that the limestone is here 5 ft. thick, and' is overlain by
19 ft. of calcareous shale, and that the coal, locally called the Vexhim,
which lies below the limestone and is separated from it by 11 ft. of

black shale, is 2 ft. 2 in. thick.

The following section of the group as developed at Gilmerton is

based on information given by Mr. Marshall, Mining Engineer,
Edinburgh, except as regards the thicknesses below the North Greens

* " The Mid-Lothian Coal Basin," Trans, Min. Inst. Scot., vol. xv. pt. iii.

p. 164.



Lower Limestone Growp of Oilmerton. 179

Coal, which have been obtained by protraction from the surface. The
positions of the Carleton and Blue Coals are given so as to allow of

comparison with both the Mddrie and Loanhead sections :

—

Carleton Coal
Strata

Blue Coal
Strata *

BILSTON BDRISr/LIMBSTONE blaes . .

LIMESTONE. \LIMESTONB
Blaes

Goal, Vexhim of Qilmerton .

.

Blaes

Coal
Freeatone
Blaes
Sandstone .

.

Blaes

limestone blaes (upper vexhim limestone)
Coal

Fakes '

Blaes
Freestone post and fakes .

.

Blaes with ironstone balls

LIMESTONE blaes (lower vexhim limestone)
Blaes

Coal Vexhim of Niddrie

north greens
limestone,

srsj

•1

Coal, fine splint

Freestone and fakes

Blaes

Carlet
Coal

Blaes

Red sandstone
Blaes
Blaes

limestone
Blaes

Sandstone .

.

Clay
Freestone and fakes

Blaes

Sandstone (fakes) .

.

Blaes
Parrot Coal

Hard band (ironstone ?)

Fireclay

Parrot and Rough Coal
Strata

Calcareous blaes

gilmerton limestone .

.

It will be seen that a small group of coals occurs between the

North Greens and Bilston Burn Limestones. The name Vexhim has

been applied rather loosely in different localities to different coals of

this group. Thus the Mddrie Vexhim is obviously represented at

Gilmerton by the 3-ft. coal which lies about 35 ft. above the

thick red sandstone. The latter constitutes a good horizon and

* The section between these beds and the base of the North Greens Coal is taken
from the old Engine Pit near Gilmerton House.

t This word is not known among miners. Perhaps it is a clerical error for " clay,"

North
Greens
Coal.

Ft.
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is known to extend from Niddrie to Gilmerton and thence to the

Bilston Burn. The word blaes is often applied to -argillaceous limer

stone as well as shale, and it is probable that in the above section

some of the blaes recorded represents argillaceous limestone, for the

limestone portions of the North Greens and Bilston Burn seams, as

shown in the section, are much thinner than they are in Bilston

Burn.
The only accessible exposures of the gronp are those in the

Gilmerton Burn and in the various quarries in the Gilmerton Lime-
stone.

The bottom portion of the Gilmerton Limestone, 10 ft. in thickness,

is largely made up of the remains of encrinites. It was followed from
the quarries underground in mines and is the only part which was
ever quarried for burning. Above the 50 ft, of evenly bedded grey

limestones, which follow the mined portion, we find about 10 ft. of

dark calcareous shales which have yielded a considerable number of

marine fossils. The shale is succeeded by a persistent group of flaggy

sandstones.

Although its position is not given in the above section a well-

known blackband ironstone lies a little above the North Greens Coal,

and contains fish remains. Dr. Traquair* states that the fauna

indicates estuarine conditions, and resembles that of the Wardie
Shales and the Oil-Shales, but differs entirely from that of the marine
limestones. The band has also furnished the remains of several

labyrinthodonts. w. G., E. B. B.

LOANHEAD, BILSTON BUKN AKD MAUEIOEWOOD AEEA.

Three miles south of Gilmerton an excellent section of the Lower
Limestone group is exposed in the Bilston Bum (Fig; 15), where the

strata generally dip to the south-east at angles varying from 40°

to 48°.

In this stream immediately to the west of Pathhead we find a

series of coarse ochre beds which, in the past, were worked for ochre.

The largest of these, 21| ft. thick, is the representative of the

Gilmerton Limestone, as already shown (p. 170). From information

supplied by an old miner it appears that a limestone, which was
identified as the Gilmerton Limestone, was quarried by him close to

the farmhouse north of the stream and in the same line of strike as

the beds of ochre. This statement is corroborated by old limestone

workings at this spot, and additional evidence is thus furnished of the

correlation of the Gilmerton Limestone with the ochre bed in

Bilston Burn. In this connection it is interesting to note that in the

Nine Mile Burn section, 7^ miles to the south-west, the po.sition of

the GUmerton Limestone is also occupied by an ochre bed of which
20 ft. is exposed (p. 186).

Between Bilston Burn and Penicuik the Gilmerton Limestone is

not visible, but in a bore to the south-west of Mauricewood Colliery

it has been proved to have a thickness of 48 ft., and 100 ft. above it

lies the North Greens Coal. A thin limestone is intercalated in the

strata between these two horizons (see Fig. 15).

•"Distribution of Fossil Fish Remains in the Carboniferous Rocks of the Edinburgh
District," Tran^. Boy. Soc. Edin., 1903, vol. xl. pt. iii. p. 694,
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In the past the well-known North Greens Coal was extensively

worked in the Gilmerton field, and has also been wrought to crop

from the Sheriffhall and Burdiehouse fault to within a short distance

of the village of Loanhead. In the Bilston Burn, in the hollow

70 yds. S.S.E. of Pathhead farmhouse, it was opened up some years

ago by the Shotts Iron Co., where it furnished the following

section :

—

Roof, sandstone. Ft.

Coal, duffy 1

Coal 4J
Pavement, grey fakes.

In the Bilston Burn about 48 ft. above the North Greens Coal there

is a Rough Parrot Coal, 2 ft. 4 in. thick.

At Loanhead this seam was worked in the Eamsay Pit till quite

recently by means of a stone mine driven from the North Coal along

the " veese " of the Edgefield fault, from which the following sections

were obtained :

—

Section, North Side Working.
Roof, blaes.

Coal, duffy

„ Parrot

„ Splint
Free

Section, South Side Working.
Roof, blaes.

Coal, Inferior .

.

„ Free

„ Splint

„ Free

Ft.
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stone, which is here a light grey encrinital rock, 76 ft. thick, is

12 ft. 6 in. above the North Greens Coal, and is overlain by
120 ft. of red, white and mottled sandstone. A considerable

portion of the limestone in the cutting is calmy and might be called

limy blaes.

In the Bilston Burn (Fig. 15) about 61 ft. of strata separate the

North Greens Goal and Limestone. In the stream the latter bed

consists of about 90 ft. of dark limestone, limy fakes and blaes, all very

fossiliferous. On the north side of the burn and in the fields above,

the limestone was at one time quarried. This broad outcrop, with a

o-ft. ochre bed at top, is surmounted by 67 ft. of red, white, yellow

and mottled sandstone (North Greens Sandstone) similar to that in

the railway cutting just described.

Between the Bilston Burn and Glencorse Burn the ground is

covered with drift. On the west side of the Edinburgh and Penicuik

road at Gowklie Moss, about a mile south from Bilston Burn, a lime-

stone has been quarried, but its exact horizon is doubtful.*

In the Glencorse Burn, 150 yds. above the Mill, the following

section is exposed :

—

LIMESTONE
Blaes and sandstone

LIMESTONE
Gap

Encrinital limestone

Ft.
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sandstone quarry at Gilmerton House. To the south-west it is first

exposed in the Bilston Burn (Fig. 15) where its full thickness is about

50 ft., the bottom portion being a grey coralline limestone in beds

which vary from 2 to 6 ft. in thickness, with thin partings of shale.

The top bed is more impure and sandy and shows good Caudu-gaUi

markings at the base. It lies about 50 ft. above the Upper
Vexhim Limestone.

Between Mauricewood and Mauricewood Pit this limestone has

been uncovered and proved to be 180 ft. below the North Coal. To
the west of Cuiken the position of this bed has been laid down on

the map from boring information.

In the Bilston Burn the thin limestone, 1 ft. 8 in. thick, which lies

41 ft. above the thick limestone just described, has been taken as the

top of the Lower Limestone group.

AREA BETWEEN PENICUIK AND CAELOPS.

N.W

By far the best section of the Lower Limestone group between

Penicuik and the village of Carlops is to be found in Habbie's Howe

ROAD
S.E.

AMA20NDEAN
BURN

R.ESK

Pig. 16.—Section of Caloiferous Sandstone and Lower Limestone Group in Amazondean
Burn and in Habbie's Howe, North Esk, Carlops.

on the North Esk, where the sequence of limestones is clearly

displayed.

Below Newhall House the strata dip steadily to the east, but are

thrown into a series of folds as they approach the Pentland fault

on the west, an anticUnal fold to the west of Newhall being succeeded

by a compound syncline whose western limb is slightly inverted, the

bed dipping steeply to the west. These folds are further modified

by several faults, some of which are reversed.

In the two sections about to be described, no less than five distinct

bands of limestone have been recognised. The highest beds are

comparatively thin, and it is evident that the upper bands, which,

in the sequel, will be shown to coalesce at the south end of

the basin, are here split up by the intercalation of non-calcareous

strata.

The top limestone (No. 5 in Fig. 16) crosses the Esk immediately
below Newhall House, about 70 yds. above the footbridge. It is

a dark calmy rock (14 inches thick), the upper portion crowded
with small Producti (P. seniireticulatus). It is succeeded by two thin
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coals, presumably in the position of the Vexhim Coals. From the

point where the stream makes a sudden bend to the north, it flows

for some distance along the strike of the next limestone (No. 4 in

Fig. 16), which is seen in the right-hand bank. At the next bend, a

rusty-weathering limestone, 6 to 8 ft. thick (No. 3 in Fig. 16), appears

in the bed of the stream, while a thicker band—the North Greens
Limestone—(No. 2 in Fig. 16) is seen in the bank on the north side.

At the next footbridge a small fault with a downthrow to the east

crosses the stream and brings up this limestone (No. 2) on the high

southern bank where it forms a steep crag underlain by the North
Greens Coal.

Immediately above the bridge the river is flowing over the crest

of the undenuded portion of the anticlinal dome, occupied by the

lowest or Gilmerton Limestone and a small inlier of the underlying

Calciferous Sandstone strata. On the west side of the fold the

No. 2 band appears again, forming the linn, and is seen in the

banks on either side of the stream at Peggy's Pool. This band is

here 50 ft. in thickness, the lower portion thick-bedded and very

fossiliferous, the upper 20 or 30 ft. made up of limestone bands

and calcareous shale. A line of old pits to the south-west of the

river shows where this limestone was at one time quarried along

the outcrop.

Between the linn and the next sharp bend of the stream, Nos. 3

and 4 limestones can be detected, but are badly exposed. The strata

are now concealed for some distance until on the steep northern
bank, about 40 yds. below Mill Bridge, a thin limestone—probably

No. 5—^is sharply folded with one of the lower Edge Coals. The
strata beneath are now partly faulted out, and the next recognisable

bed on the west side of the disturbance is the North Greens Lime-
stone (No. 2), followed by the North Greens Coal and an underlying

white ganister. This limestone has been quarried immediately
above the bridge.

The beds are now vertical or even inverted and dipping slightly

to the west. The lowest (Gilmerton) Limestone does not appear in

the river, being cut out by a small fault, but is seen in the small side

stream on the south bank.

Between this point and the foot of the Amazondean Burn, the

section is occupied by sandstones and dark shales with lenticular

masses of encrinital limestone, all belonging to the Calciferous

Sandstone series.

The ground to the north of the Esk is drift covered, and the

limestones are next seen in the Nine Mile Burn, below the Carlops
and Penicuik road. The structure exhibited in this section is a

modification of that found at Habbie's Howe. As in the latter

locality, an anticline is followed by a syncline, but here the eastern

limb of the former is inverted, and the centre of the fold traversed

by a fault throwing down to the east ; while the syncline is truncated

on the west by the Pentland fault.

The first limestone seen in the stream, at a point 500 yds. south-

east of the Carlops road, is a yellow -encrinital band, 4 ft. thick,

which forms a small waterfall. This is No. 4 of the Habbie's Howe
section, Na 5 being out out by a small fault which crosses the
stream immediately above the outcrop of the lowest (North and
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South) Coal. Above this fault the beds dip steeply to the west, and
follow one another up the stream in apparently inverted order.

The yellow encrinite band is succeeded by dark shales ; a limestone

in two bands (No. 3), separated by shales; a thick sandstone; and
E"o. 2, or the North Greens Limestone, below which the North
Greens Coal, 2 ft. thick, was at one time wrought but is now no
longer visible.

The Gilmerton Limestone and underlying Calciferous Sandstone
strata are cut out by a fault which crosses the burn 60 yds. above
No. 2 Limestone.

Two hundred yards below the road we pass again into Carboni-

ferous Limestone strata, the position of the Gilmerton Limestone
being indicated—as in the Bilston Burn—by a yellow ochre bed,

20 ft. of which is exposed. The base is filled in with a siliceous

network containing casts of Producti, Encrinites and branching

corals. Beneath this ochre bed is a 1-ft. coal, resting upon a

fireclay.

A higher coal seam, which may be regarded as the North Greens
Coal, has been wrought at Gardenfield, 100 yds. higher up the

stream, and blocks of limestone seen in the burn suggest that this

coal is overlain by a limestone not visible in place—No. 2, or North
Greens Limestone. A limestone laid bare during the building of the

school at the roadside, 100 yds. to the west, may represent either a

higher bed or a repetition of the North Greens on the other side of

the fold.

Between this point and the Nine Mile Burn Inn the Carboni-

ferous Limestone is cut off by the Pentland fault, the intervening

ground being obscured by drift.

Between this section and the Cornton Bum, where these strata

are next observed, the beds are interrupted by the fau^t or faults

which run north-west and south-east through the Brunston Colliery.

In the Cornton Burn the lowest limestone and the North Greens
Coal are concealed by drift.

The North Greens Limestone is here seen in two bands, separated

by a few feet of shale. The lower bed is about 25 ft. in thickness,

a very fossiliferous encrinital rock. Above the upper calcareous

band, a good coal, 15 in., crops out in the burn, and, being correlated

with the Vexhim Coal of Niddrie, fixes the position of the next
succeeding limestone, a grey crystalline rock with large Encrinites, as

the Vexhim Limestone.

There are no further exposures of the Lower Limestones between
this point and Carsewell. L. w. H.

MIDDLETON, ESPERSTON, TEMPLE AND MOUNT LOTHIAN AREA.

The base of the lower group of Carboniferous limestones crosses

the North Middleton Burn about 60 yds. below the bridge at North
Middleton, and a good section of the lower portion of the lowest

band of limestone is exposed along the stream between this point

and the bridge at Guildie Howes.
The bottom beds, which rest upon sandstone and dark shale with

ironstone nodules, are composed of a dark, blue-grey, encrinital lime-

stone. To this succeeds immediately above the cauld at the bridge
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a thick-bedded yellow-weathering limestone with a strong Lithostro-

tion band. This coralline limestone is seen at short intervals along
the stream to a point 60 to 70 yds. below the upper bridge. The
strata are dipping westwards across the burn at 10°, and though
there is one break in the section where a limestone slightly different

in character appears, it is probable that between the cauld and the

upper bridge the stream is flowing over nearly the same beds, and
that the whole thickness of limestone passed through in this section

may not exceed 20 ft.

The strike of the limestone in the stream carries it up to the old

Middleton Quarry, at a slightly higher elevation on the south side

of the road, where higher beds are exposed. The top of this quarry
is a concretionary limestone which closely resembles the concre-

tionary rock that forms the upper part of the section in the

Catcune Quarry and of the iniddle limestone of the Tyne Water.
Immediately below this concretionary limestone, which averages

15 ft. in thickness, is a band with large scattered Productus
giganteus followed by a shaly bed with large cup-corals.

_
Below

this come 12 ft. of flaggy limestone with shaly seams to the' bottom
of the quarry.

A more complete section of these -limestones, with the overlying

strata, can be studied in the New Middleton Quarry, half a mile

farther to the south.

In the tramway cutting which leads into the quarry from the

north, a thin limestone containing Producti, Encrinites, Syringopora,

Alveolites and Cauda-galli markings is exposed at the bridge. This
band can be correlated with a persistent thin limestone that has
been traced between the middle and upper bands in the ground
farther to the east.

The complete section is as follows, in descending order :

—

No. 3
LIMESTONE.

]

Tramway Gutting.

LIMESTONE

No. 2
LIMESTONE
(equivalent of

skatbraw
limestone)

and

No. 1

LIMESTONE
(equivalent of

longjcraig
limestone).

Dark shale and thin coal

Yellow and white sandstone
Black shale with coaly seam
White fireclay

Continued in Quarry Section.

'Thick-bedded and concretionary"!

LIMESTONE with dark shaly y .

.

partings . . . . . . J

Thin-bedded
LIMESTONE

Ft.

2-3 (seen)

?

?

6
2-3

16

ilaggy and fakyj
12-16

Thick - bedded grey, yellow -'

weathering limestone with
cup-corals, Lithostrotion and
Encrinite bands : lowest layers
thinner with dark shaly
partings

Maximum thickness of lime-
stone now exposed in

quarry

15-18 (bottom not seen)

50
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The strata dip N.W. to N.N.W. at 10° to 15°, and the rock has

been continuously quarried up the hill-slope to the south-east for a

distance of 400 yds. The whole thickness of limestone represented

in these workings must be nearly 100 ft. In the old quarries in

the plantation oii the top of the hill the limestone is capped with a

few feet of faky sandstone.

The beds immediately beneath this cover differ somewhat in

character from those at the top of the Middleton Quarry, and it is

possible that the limestone of that quarry is here separated from a

lower limestone by a few feet of non-calcareous sediment, which
there is not sufficient evidence to trace for any distance further

along the strike.

A limestone with the characteristic concretionary top and
Productus giganteus band of the Catcune and Middleton Quarries

appears again in the North Middleton Burn a quarter of a mile to

the south of Esperston. As this rock is followed up the stream it

appears to pass continuously into a thick-bedded, yellow-weathering,

encrinital limestone similar to that of the stream section above
North Middleton, which is succeeded below by variegated sandstones

and shales.

The most obvious inference from the evidence afforded by the

sections described above is, that, while the upper part of the

Middleton Quarry represents the second limestone of the Tyne
Water (Skateraw), and the limestones seen in the burn at North
Middleton the lowest or Longcraig, in this particular area these

two lower limestones have by the thinning out or complete dis-

uppearance of the intervening sediments nearly or entirely coalesced

;

and that their combined thickness may here be considerably over

100 ft.

It should be noted that in this part of the basin there is no

evidence of any coal in the position of the North Greens seam,

which on the west side lies between the two lower limestones^
the Gilmerton and North Greens.

Eeturning to the stream section at Esperston Farm, we find the

same succession above the concretionary limestone as that seen in

the tramway cutting. Immediately above the farm, and again 300

yds. farther down, the stream is flowing over a gentle dip slope of the

third limestone with Gavda-galli, described in a former paragraph.

Above this limestone in the stream bank is seen a fireclay and
16 to 18 in. splint coal (Vexhim Coal position), which is immediately

followed by the base of the highest or Esperston Limestone.

The Esperston Limestone is well displayed in the large quarries

which extend for half a mile south-west from the Arniston Limeworks,

and are at the present time extensively wrought for building and
agricultural purposes.

The section seen in the southern working face is as follows :

—

Ft.

!

Yellow, brown-weathering sandstone . . 4-6
Yellow and dark shales -

Hard compact evenly-bedded blue"\

LIMESTONE, in beds 1 to 2 ft. I . . 20
thick, but thicker towards base j (bottom not seen in quarry)

Thin shaly partings . . . . -'
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The eharacteristic fossils of the upper part of this limestone are,

Pinna flabelliformis, P. mutica, Spinfer trigonalis, Productuspundatus,
Bellerophon, Syringopora, Cauda-galli markings.

The beds are lying at a very low angle, and sometimes appear
to be almost flat, and the same limestone again appears in the bank
on the- north side of the deep valley below the old limekilns.

In the area to the west of Esperston, along the southern margin
of this Map, it has been found impossible, on account of the heavy
covering of glacial deposits, to separate the different limestones of

ihis group. The area tinted with the limestone colour represents

the calcareous group as a whole, and does not imply that all the

ground thus coloured is occupied by solid limestone.

The limestone exposed in the bank of Eosebery Eeservoir (South

Esk) at low water is probably the lowest bed, representing the rock

of Middleton Quarry. It is overlain by sandstone, fireclay and a

thin coal. This coal was at one time wrought at Fountainside, but

was found to be not continuous owing to the underlying and over-

lying limestones coming together. L. w. il

The top of the next higher limestone is seen in the bed of the

South Esk just below the outfall of the Eosebery Eeservoir, It

probably represents the limestone quarried at Esperston and Lime-
stone No. 3 of Tyne Water. Some distance above it there is a thin

calcareous band, passing in places into a fossiliferous limestone,

believed to be the representative of the limestone which was struck

at the bottom of No. 17 bore of the Arniston Coal Company, where
it had a coal with "parrot" close above it.. This thin limestone is

well seen in the South Esk above Temple, and also as an inlier in

the bed of the river between Temple and the junction of the South
Esk with Bedside Burn.

The section below this thin limestone is somewhat as follows :

—

Shale
Coal

Shale
Coal

Dark shale and ganister

Thick red speckled sandstone with dark shale and
flaggy sandstone . . .

.

. . from 30 ft. to 35
LIMESTONE (Esperston) . .

C. B. C.

An increase in the thickness of the beds takes place where the lime-
stones mantle on the north and east round the Lower Silurian rocks,
a small portion of which project into this Sheet near Venture Fair.

These limestones were at one time extensively wrought in the
neighbourhood of Mount Lothian, and also at the Side Lime-
works near Fountainside, where the following section, now much
obscured, was exposed :

—

Ft.
Sandstone

Concretionary limestone bands
LIMESTONE . .

Calcareous shale

LIMESTONE . . . . . . . . . . .i . , . . 9

Ft.
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The rock quarried at Hillhead and Fountainbridge (Sheet 24) is

probably the lowest bed of the series.

A thick limestone with a concretionary top, which may be
correlated with the Upper Middleton or Catcune band, is seen at

several places along the line of outcrop between Eosebery Eeservoir
and Mount Lothian, and has been wrought at the FuUarton Quarries,

where the section shows

—

Ft.

1, Concretionary flaggy grey limestone with shaly
partings . . . . . . . . . . . . 16-20

2. Hard grey encrinite limestone in thick beds
(worked by a mine) .

.

. . . . .

.

16 (bottom not seen)

The limestone contains Saccamina carteri, Crinoids, Fenestella and
corals, Productus longispinus, P. punctatus, Spirifer, etc. The dip

is north-east at 8° to 10°.

In the old quarries at Mount Lothian, now almost entirely

grassed over, a hard grey encrinital limestone is seen, the beds lying

almost fiat or dipping N.N.E. at low angles. They probably re-

present the lower beds of the FuUarton section, the whole of the

intervening ground being presumably occupied by limestone.

There is suflicient evidence immediately to the west of Mount
Lothian to differentiate two limestone outcrops, separated by a belt

of sandstone. At Herbershaw the limestones are finally cut off on
the west by the fa,ult which forms the eastern boundary of the basin

in the ground to the south. The extension of this fault into the

present area has been proved in the bores put down in the neigh-

bourhood of Venture Fair. The limestones reappear on the west
side of the fault between Venture Fair and Mosshouses, where they
were formerly worked, but are now no longer visible.

The evidence obtained in the ground farther to the south, a short

distance beyond the limits of this Map (in Sheet 24), shows a

certain amount of change in the sedimentation of the Lower Lime-
stone group.

There is, indeed, a general resemblance in character between the

second or higher limestone in the south-east part of the basin and
that of the Middleton Quarry ; but with regard to fossil contents,

and, in the case of the other limestones, to lithological characters, it

is no longer possible to correlate them with any certainty with the

limestones on the east side of the area. The third or highest

limestone does not appear to be always present, and where it occurs

is of variable thickness, never exceeding 4 or 5 ft., and different in

character from the Esperston Limestone. There seems to be more
affinity between these limestones and those on the west side of the

basin already described. L. w. H.

TYNE WATER AND GOKE WATER AREA.

Owing to the low angle of dip—in a general north-westeily

direction—the lower limestones and the beds between them extend

in the Tyne Water over a considerable distance—from Ford (Sheet 33)

to Crichton Castle, near the head of the Tyne, The same limestones

continue south-west and cross the Gore Water between Fushiebridge

and Borthwick, but owing to the covering of drift they are only seen
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in one or two places outside the Tyne valley. From the exposures

in the Tyne valley and in the Vogrie burn the following generalised

section, in descending order, has been constructed ;

—

Ft. In.

10

6

20
1

10
5

15

NO. 2
or

SKATERAW
LIMESTONE.

NO. 1

or

LONGCRAIG
LIMESTONE.

18

4

Parrot Coal—
Yellow sandstone
Black and blue shale * (blaes)

Well-bedded rather calmy limestone with few
orinoids and flattened oval concretions. Seen in

Vogrie burn and quarry at Ford .

.

Black and blue shale and white and yellow
sandstones .

.

Very ferruginous limestone, with encrinites

Sandy blue shale and hard sandstone

Impure dark-blue limestone . . . . perhaps
Sandstone, shale and hard white ganister with

thin OoAL . . . . . . . . . . perhaps 10

Ferruginous limestone with Syririgopora and
Cauda-galli .

.

Alternating thin yellow sandstone and " inky

"

shale, with fireclay and a 1-ft. coal. Seen in

quarry at Currie Lee
' Hard limestone in two beds
limestone full of black concretions, probably pyritous,i

and with many fossils, including Pinna, Spirifer,

Produdus and Fenestella .

.

Well seen in quarries at Currie Lee and Catcune,
and in a railway cutting near Fushiebridge

Calmy even-bedded limestone with partings of
" inky " calcareous shale ..

Hard crystalline limestone, often worked by
mines. Usually with a band of Saccamina
carJeri near the top.

.

Strata including a considerable proportion of

yellow micaceous sandstone and a thin Coal
near the top .

.

.

.

.

.

. . at least 50
limestone concretionary, with many fossils.^

Large simple corals not uncommon. The lower I „,
part full of Lithostrotion. The bottom seen at

j

Orichton Castle . . . . . . . . . . J

42

15

It is believed that the Limestone No. 2, estimated to be 65 ft.

thick in all, corresponds to the Middle Skateraw Limestone of the

coast section east of Dunbar, together with some of the overlying
beds. c. B. c.

THE EOMAN CAMP, FOEDEL AND COUSLAND AREA.

Beds belonging to the Lower Limestone group rise to the surface,

in the anticlinal ridge that separates the Mid -Lothian and
East Lothian coal-fields. They appear in two inlying areas—one at

the Eoman Camp and the other farther north between Coldwells
and Cousland. But the lowest limestone, No. 1 of Tyne Water,
probably does not emerge at the surface anywhere in this ridge, and
the beds which lie below Limestone No. 2 are only known to come
up to the base of the drift in one small area near D'Arcy farm, where
a boring which started just below this limestone is said to have gone
through a coal near the top, and to have pierced more than 100 ft.

of beds below the coal without reaching any lower limestone. It
* This and the overlying beds in this section are classed with the Edge Coal series.
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seems, therefore, that near D'Arcy the interval that separates

Limestones No. 1 and No. 2 must be about twice as great as in the

Tyne Water.
The Limestone No. 2 of Tyne Water has been extensively worked

by means of mines at Mayfield, D'Arcy, Chalkieside and Cousland.

The lower crystalline or mined portion and the overlying calmy
portion, which is well exposed in the Mayfield Quarries, are separated

from one another by a band or bands of calcareous dark-coloured

shale. This shale can be traced as far north as Cousland, and
probably represents a portion of the thick black shale, which, in

some other districts, takes the place of the upper calmy portion of

the limestone.

A dark shale with sandstone bands and a thin coal constantly

overlie the Limestone No. 2.

The limestone of the Hillhead and BHnkbonny Quarries, at the

southern end of the Eoman Camp ridge, may possibly overlie the

D'Arcy Limestone and correspond to one of the limestones overlying

No. 2 Limestone in the Tyne Water, though in the quarries north-

west of Hillhead it is at least 30 ft. thick. Bores, called the Camp
Bores Nos. 1, 2 and 3, show that there are about 80 ft. of strata

between the Parrot Coal and the Hillhead Limestone, and that these

strata include two thin limestones from four to five feet thick. In
the" shaft of the Lady Victoria Pit, Newtongrange, a good limestone,

slightly over five feet thick, containing crinoids, and underlain by
19 in. of calcareous shale, was cut at a depth of about 12 ft. below
the Parrot Coal. About 25 ft. below the base of this little lime-

stone there is another thicker limestone, about 51 ft. thick, which
is perhaps continuous with the limestone quarried at Hillhead.

Both the Hillhead and the D'Arcy Limestones are much obscured

by drift. The former limestone is probably truncated on the south

side by a fault, striking slightly south of west and with a downthrow
to the south, which has been proved in the adjacent measures of the

Edge Coal group. The evidence suggests that, in a northerly

direction, the outcrop of the Hillhead Limestone extends up to that

of the D'Arcy Limestone at Mansfield, the two being there separated

by a fault striking north-east, which has a considerable downthrow
to the south-east, as shown on the map (32). The Hillhead Limestone

is nowhere seen distinctly overlying, or dipping above, the D'Arcy
Limestone, but about a quarter of a mile W.S.W., and again about

170 yds.E.N.E. of Lawfield, there are indications of small old quarries

which lie outside the line taken as the top of the D'Arcy Limestone

and may be in the Hillhead Limestone.

It is supposed that the sandstone in the wood at Hillhead lies

above the limestone and that it forms part of a little outlier. In
one of the quarries in the western part of the wood the limestone is

sharply folded and dips steeply east for a little space, and perhaps

there is a parallel fold of the same kind a little farther east. Near
the fold exposed there is also a fault plane, inclining west at 25°,

but the amount of disruption along the plane is not clear.

About 90 yds. east of the bridge over the railway cutting at

Crossgatehall, a nearly vertical N.N.E. fault occurs, on the west side

of which are beds belonging to the Edge Coal group, while on the

east side comes a set of saudstones, shales, thin limestones and coals.
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A little below one of the limestones a parrot shale, 8 ft. thick, is

observed. It appears necessary to suppose that all the beds exposed

on the east of the fault are higher in stratigraphical position

than the thick limestone that has been quarried a little south of the

cutting, but lower than the Parrot Coal, which lies near the base of

the Edge Coals. If this be the case, the beds must experience a great

change in the interval, of about four miles, which intervenes between
Crossgatehall and the Tyne Water near Vogrie. In the latter district

the strata between the Parrot Coal and the thick limestone, No. 2, are

estimated to be about 100 ft. thick and include four limestones,

varying in thickness from 18 ft. to 1 ft., while at Crossgatehall

the beds seen east of the large fault are more than 300 ft.

thick and include four thin limestones as well as a calcareous iron-

stone.

The strata on the east side of the fault in the railway cutting at

Crossgatehall are confused in places with small dislocations, some of

them reversed, and with occasional sharp folds near one of the

fractures, but the general succession is tolerably clear, and is some-

what as given below, beginning at the top :

—
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a coal, 19 in. thick, about 45 ft. below the bottom limestone. These
limestones must be separated from the Cousland Limestone on their

eastern side by a considerable fault, striking north-east and with a

downthrow to the north-west, and it is probable that in the undis-

turbed section they lie above this limestone.

AEBA NORTH OF CEOSSGATEHALL.

The Eoman Camp anticline extends northwards almost to the
sea at Prestonpans. Along the axis of this anticline the bands of

limestone which are seen in the railway cutting at Crossgatehall must
be near the surface for a considerable distance, but it is uncertain

how far their actual outcrops continue. In a bore at Queen
Mary's Mount, a band of limestone, 1 ft. 2 in. thick, has been met
with at a depth of only 23 ft. beneath the surface. Farther north,

at a point 500 yds. south-east of the ruins of Dolphingston, lime-

stone is said to have been reached in a bore at a depth of 150 ft.

c. t. c, c.b. c, e. m. a.

The Edge Coal Geoup.

This group, comprising all the beds between Limestone No. 3, or its

supposed equivalent on the west side of the basin, and Limestone No. 4,

includes many thick coal seams, and is the most important division

of the Carboniferous Limestone series. Where most completely

developed it is sometimes more than 1000 ft. thick and contains not
less than twenty-six beds of coal above 1 ft.

~ thick. This develop-

ment occurs, however, only in the northern and centiral parts of the
coal-field—in the neighbourhood of Duddingston, Niddrie, Gilmerton,
Loanhead, Dryden and Dalkeith. At Gilmerton the total thickness

of all the seams exceeding 23 in. in this group appears to be rather

more than 80 ft.—about 14 ft. more than the total thickness of all the

seams exceeding 23 in. in the Coal Measures proper in the neighbour-
hood of Joppa and Craighall. Along the southern and south-

western outcrop the group is thinner, and many of the coals seem to

have disappeared or are not of sufficient thickness to be workable.

In the neighbourhood of Arniston (in Bore No. 4, Arniston Mains)
the distance between the top thick coal, probably the Great Seam

—

the highest coal usually worked—and the Parrot seam at the base

of the group, is only 309 ft., while at Niddrie the distance between
the corresponding seams is more than 800 ft.

On the western side of the coal basin the seams strike from the

coast near Portobello through Duddingston, Niddrie, Drum, Gilmerton,
Loanhead and Dryden. At all these places they are locally known
as " edge " coals, on account of their steeply inclined and sometimes
vertical positions, and, though the corresponding seams in the

eastern side of the basin—at Wallyford, Carberry, Cowden, New-
tongrange and Gorebridge—are much more gently inclined, it is

convenient to use the term Edge Coal group to include the whole of

the strata in this division.* On the east side of the basin these

beds are to a large extent separated from the East Lothian coal-field

* It should be stated that the lower seams of the Lower Coal Measures are also

locally called " edge coals " in those places whpre they are highly inclined.
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by inliers of the Lower Limestone group, which are exposed near the
summit of the Eoman Camp anticline just described.

Attempts to correlate the coal seams on either side of the basin

have been made by Mr. Eobert Martin * and by Mr. Eobert Dron.f
There can be little doubt that the Great Seam has been correctly identi-

fied on either side, and that the North Coal oh the west represents the

Parrot Seam oq the south-east side, but the correlation of the inter-

mediate seams is uncertain. c. T. c.

NIDDKIE, POETOBELLO AND GILMERTON FIELDS.

Mining in this district has been carried down to greater depths
than anywhere else in Scotland. Coal is being raised from the
Great Seam at a depth of 2623 ft. vertically beneath the surface and
this seam has been proved at a depth of 2756 ft.

In the Niddrie - o ^
Collieries the dip is

'^^^- ^^•^-

extremely irregular,

ranging from 60° east

to vertical, while

occasionally the
strata are inverted

;

ultimately, however,

the seams flatten out

toward the centre

of the Mid-Lothian
basin, which is

reached in the Coal

Measures at Olive

Bank, Musselburgh.
To show the ir-

regularity of dip, the

varying angles ob-

served in an incline

in No. 10 Pit in

the Stairhead Coal

may be cited. At
1230 ft. below Ord-
nance Datum it is

56°. This decreases

to 53° on the 1600
ft. level, but again

increases to 71° at

greater depths ; after which the beds rapidly flatten out, as shown
in the accompanying section (Fig. 17).

In the northern portion of the workings the strata are inter-

rupted by two basalt dykes.

On the shore at Joppa the strata are entirely obscured by the

sand, but about a quarter of a mile inland some of the higher beds

of the group are exposed in Joppa Quarry. The whole of the Edge
C.aals were proved in the old mining operations at Duddingston, and
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the following general section gives the local names and thickncBses

of the coals and of the intermediate strata :

—

Flex Coal
Intermediate strata

Laverock Coal
Intermediate strata

Gkeat Seam Coal
Intermediate strata

Stairhead Coal
Intermediate strata

Gillespie Coal
Intermediate strata

Little Gillespie Coal
Intermediate strata

Black Chapel Coal .

.

Intermediate strata

Stinkie Coal .

.

Intermediate strata

Little Splint Coal .

.

Intermediate strata

Big Splint Coal
Intermediate strata

Real Corbie or Stony Coal
Intermediate strata

Coal
Intermediate strata

Carleton Coal
Intermediate strata

Bough Coal .

.

Intermediate strata

Blue Coal

Ft. In.

4
30
3
24
8

36
4

60
4

142

3
30
5

60
3

30
3
60
4

60
5

150
5

78
5

54
3

30
3

Total thickness ..909 6

At Niddrie the thickness between the Great Seam and the Index
Limestone is about 130 ft.

The section on the west side of the now disused Joppa Quarries

is as follows, in descending order :— .
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the Niddrie Collieries) situated just south of Brunstane Burn—the

same crosscut which furnished the section of the Lower Limestone

group :—

Section of Part of the Edge Coal Group in the Niddrie Collieries.

Gillespie Coal.
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A thin ironstone occurs with the Stairhead parrot also, and both

the G-reat Seam ironstone and the Stairhead ironstone are wrought
at the same time as the coal.

The section of the Stairhead seam at Niddrie is given below :

*

—
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Stairhead Coal
Intermediate strata

Gillespie Coal
Intermediate strata

Black Chapel Coal
Intermediate strata

Perpetual Coal
Intermediate strata

KiTTLEPUHSE OoAL . .

Intermediate strata

Stinkie Coal .

.

Intermediate strata

RoTTGH Coal .

.

Intermediate strata

Glass Coal .

.

Intermediate strata

Parrot or Stony Coal
Intermediate strata

Corbie Craig Coal (with parting)

Intermediate strata

Peaoocktail Coal .

.

Intermediate strata

Carleton Coal
Intermediate strata

Blue Coal
Intermediate strata

limestone.

Ft.
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MAURICEWOOD HO.

At Eoslyn Colliery and Glencorse Burn the Edge Coals dip to the

south-east. The underground workings at Greenlaw, together with

the sections in the Glencorse Burn at Auchindinny and in the river

Esk half a mile above the Eoslin Powder Mills, show that the Edge
Coals, still dipping to south-east, flatten out for a short distance,

and then rise gently to the south-east (see Fig. 18). This change
of inclination takes

place nearer the ^

surface than at

Loanhead, which is

quite in accordance

with the fact that

the Mid - Lothian

basin becomes shal-

lower towards the

south.

The accompany-
ing section (Fig. 18)

has been drawn
from Mauricewood
House to Bore No.

28, near Loanstone,

to illustrate the

folding of the strata

in that part of the

field. The old iron-

stone workings of

the Mauricewood
pit* show that the

Edge Coals dip

down sharply to

south-east for some
little distance be-

low sea -level, and
then suddenly be-

come flat. After

slight undulations

for a considerable

distance near East-

field the dip proved
underground
changes to the

north-west, and the

crest of an anti-

clinal fold is pierced

by Bore No. 29 (see

Fig. 18), on the south-east side of which the beds rise

towards the south-east, so that the Castlecary Limestone

out at Loanstone.

From Mauricewood to Cuiken Burn the ground is faulted

ROAD
Bone N? 4-3

BOftE N? so
EASTFIELD
FAULT

BOREN9Z3

R.ESK

LOANSTONE

BORE N? 28

Fig. 18.—Section from Mauricewood House to Loanstonei
showing folding of the Carboniferous Limestone Series.

agam
crops

and

* In the Mauricewood pit the lower coals near the surface become nearly vertical

and this is the beginning of the reversal of the strata in the vicinity of the Pen tland
fault seen in the Nine Mile Burn.
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disturbed, and the crops, as laid down on the map, are chiefly calcu-

lated and protracted from boring information.

Several dislocations were supposed to traverse that portion of the

Edge Coals which lies to the south-west of Laverock Hall, Gilmerton,

and as a large east and west fault has been proved in the Burdiehouse
Limestone Mine (60 fms. downthrow to the north) a curved lin^

has been drawn from near Long Loan by Wester Melville to connect
it with the known position of the Sheriffhall fault to the east.

As regards the tract between this fault and the Edgefield dis-

location, very little mining information is available, but the coals are

believed to be there inclined at a high angle to the south-east, and
in some cases may be vertical.

The position of the Flex Coal has been got in a pit 26 fins, in

depth, situated 500 yds. to the west of Wester Melville. From" this

point to the proved crop of the Fells Shale the strata would require

to be nearly vertical in order to allow all the beds to crop out.

The strata in the cross-cut mines in the Burghlee and Loanhead
pits have now been measured, and the details are given in the

subjoined table :

—

Section of Edge Goals and Intermediate Strata at Loanhead.
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rough coal mixed with splint of good quality, which has never been

worked.
The South Coal varies in thickness, becoming thinner towards the

south-west. It is a hard, rough, second-class house coal, the upper
portion being splinty, and the lower very soft. It is the equivalent

of the Carlton Coal in the Gilmerton field, and shows the following

sections at Dryden and Loanhead :

—

Ft. In.

M, Dryden.

Eoof, blaes.

Infeeior Goal .

.

1

Hard Pu'eclay

Splint Coal .

.

2

Pavement, blaes.

Ft. In.

At Loanhead.^

Eoof, blaes,

Infeeior Coal
Parting

Splinty Coal
Free Coal .

.

2

7

11

Pavement, fakes.

The Andrews or Little Splint Coal varies from 2 ft. 10 in. to 5 ft.

10 in, according to the thickness of the stone interleaved with it.

The lower portion is a soft rough coal, and the top coal is harder but

full of iron pyrites. In working, it breaks up into dross as the

holing has to be done in the bottom bed. It has only been wrought to

a limited extent for steam purposes, and has the following section :

—

Eoof, blaes.

Soft Coal
Black stone

Coal

Ft.
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Section at

Dryden March.'

thicker at Loanhead than towards Dryden. At Dryden March, as

shown in the following section, they consist merely of 30 in. of

blaes, which, together with the Beattie Coal, 2 ft. 7 in. thick, is left

as a roof to the Corbie Craig :

—

f
Beattie Coal

Blaes .

.

Corbie Craig Coal
Fireclay

Rock .

.

rt V d T 4. f Splint Coal

2lt%t '^«=^ "z It. y m.
(.scLujjy ^^ inferior

Fireclay

A reduction of thickness towards the south-west has also been
observed in the Beattie Coal. At Loanhead the top portion of this

seam is a firm rough coal of good quality ; the remainder rather soft

;

both being sold as household coal. The bottom sclutty portion
varies from 9 to 15 in. in the mine, and, when the stones are removed,
is used for steam purposes.

The Hopes Coal is a variable rough seam and has only been
partially wrought. It has the following sections :

—
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Tlie No. 1 Ironstone,— an important fossiliferous horizon,

—

furnishes the sections given below :

—

Dryden_
March.

Roof, blaes.

Clatband Ironstone
Wild Parrot Coal
B. B. Ironstone .

.

B. B.
Daush Coal

Pavement, liard blaes.

1'^

Eoof, blaes.

Ironstone
Clatband Ironstone .

.

Wild Parrot Coal

„ „ with Ironstone
Pavement, fireclay.

-3^

f . Eoof, blaes.

Top Ironstone .

.

Light band (parrot and ironstone of no value)

Wild Parrot Coal, top band .

.

„ „ . „ bottom band
B. B. Ironstone .

.

Bottom B. B. Ironstone
Pavement, sandy fakes.

Ft.
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The Kittlepurse Coal is ribbed with splint of a superior quality,

is sold as a good household coal, and has the following section :

—

Eoof, blaes.

Wild Parrot Coal
Coal

Ft. In.

1 2

1 6

Pavement, fireclay.

2 8

The Perpetual or Calpatie (Joal is of variable thickness, sometimes
amounting to 2 ft. 2 in. It is a firm rough coal of inferior quality,

and has been wrought only to a limited extent in this field. In

part of the Burghlee workings it shows the sequence given below :

—

Eoof, blaes,

Ironstome
Blaes.

.

Coal

Pavement, fireclay.

Ft.
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Ft. In.

Eoof, sandstone.

Wild Parhot Coal

» j» )) • •

Ieonstonb Banb
Wild Parrot mixed with Rodgh Coal and occasional

Ironstone 2 in. thick

8
10

4i

9

2 7i

The Parrot or G-as Coal in this seam was tried in 1849 at

the Edinburgh Gas Works and was reported to be of inferior

quality, probably because the coal had not been properly cleaned

before it was sent to the Gas Works. The ironstone is of good
quality.

The Stairhead Coal is a rough coal of second-class quality with

the following sequence :

—

Ft. In.

Eoof, sandstone.

Coal . . . . . . . . . . . . . . ..14
„ Dupi' 4

18

Pavement, sandstone.
3 4

The Great Seam yields coals of good quality, the upper or splinty

portion forming an excellent household coal. Three sections are

given below :—

Ft.

Roof, black blaes.

Coal, Craw . . . . . . . .

In.

Blaes

Coal, Splinty
„ Free
„ Parrot
„ Free .

.

Fireclay

Coal, Free
Fireclay

Coal, Ground
Fireclay

1

2

1

1

3

Hi
1

6
3

Ft. In.
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coal, which thins out to 2 in. to the east. At Dryden its composition
is as follows :

—

Ft. In.

Roof, blaes.

Coal, Wild Parrot . . . . . . 16
Ironstone . . . . . . . . . . . . . . ..09
Coal, Gas 18
Ironstone 7

4 6

At Loanhead the Eumbles Seam is a rich soft coal. The wild

parrot in the centre varies from 4 to 10 in. in thickness and was
sold with the coal, for which there was an excellent local demand.
The sequence in one part of Loanhead is given below :-

Roof, blaes.

Son Coal .

.

Coal, Wild Parrot
,, Soft .

.

Ft. In.

3
Pavement, rock.

On the west side of Loanhead the seam contains from 5^ to 8 in.

of- excellent parrot and also 11 in. of free coal. As the holing is

made in the 1 ft. 3 in. of coal, and the mined coal is shot down the

steep spouts to the workings below, a large portion of the seam is

reduced to small coal and dross. There the sequence is as follows :

—

Roof, blaes.
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the south-west they become thinner and of inferior quality, with the

exception of the No. 3 Ironstone or Bumbles Parrot.

Section of Edge Goals and Intermediate Strata at Eoslin.
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Stairhead and the base of the Corbie Splint Coal diminish in thick-

ness 2\ per cent,, and the coals and ironstones, 44 per cent., as shown
by the following tables :

—

Coals, total thickness

Strata

Loanhead Section.

Ft. In.

57 11

. . 480

537 11

Boslin Section.

Ft. In.

32 4
467 9

500

Between Eoslin Pit and Gowklie Moss, a fault shifts the strata

on the south-west side some distance to the north-west, from which
dislocation to Greenlaw no mining operations have been carried on
since that area was first mapped by the Geological Survey. In the

Mauricewood Colliery the following seams are worked, namely the

Johnston, Union, Stairhead, Corbie Jewel and Corbie Splint, this

field being separated from the Greenlaw workings by a fault with a

downthrow to the south, amounting in places to 45 fms. but

diminishing at the Mains to 25 fms. :

—

Section of Edge Coals and IntermediAte Strata at Mauricewood.

Ft. In. Ft. In.

Coal, Johnstone
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Brought forward
Coal, South .

.

Strata

„ North .

.

Strata

LIMESTONE, BILSTON BURN

Ft. In. Ft. In.

45 8 511 9

2 4
21 5

2 4

50 533 2

The above section shows that the thinning of the coals and
intermediate strata in a south-west direction already noticed between

Loanhead and Eoslin continues even in a greater degree towards

Mauricewood. A comparison of the strata from the top of the Flex

Coal to the base of the North Coal at Loanhead and Mauricewood
proves that in the interval of three miles between these places

the thickness of the strata exclusive of coals and ironstones has

diminished 40 per cent, and the thickness of coals and ironstones

combined, 53 per. cent., as shown in the following table ;

—

Coals and Ironstones, total thickness

Intermediate strata

A careful analysis of the details of these two sections indicates

that the strata, comprising 150 ft. of coarse sandstone and 9 ft. 4 in.

of fireclay that lie between the Blackchapel and the next lowest coal

shown in the Mauricewood section, must be the equivalents of the

coal seams and associated strata, which, in the Loanhead section, come
between the Blackchapel and the Stony Coals. Among these

seams are the Kittlepurse, Peacock and Eough Coals. It is evident,

therefore, that very different conditions of deposition must have
prevailed in the Mauricewood area while these well-known coals

were in process of formation between Loanhead and Eoslin.

. J. s. G. w.

PENICUIK FIELD.

Loanhead
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Seam, in the steep bank on the north side of the Esk. The seam 3 ft.

thick, seen in the old quarry west of the pond, dipping south-east at 30°

beneath a thick sandstone, is probably the former coal. A bore put
down close to the saw mill gives a good section of these coals. The
beds are dipping south at 60°, and owing to the high angle the

thickness of the seams given in the bore journal, is exaggerated. The
iirst coal got in the bore (the Flex) is in two beds, the upper 2 ft., the

lower 3 ft. 3 in. (true thickness). The second seam—the Eumbles—is

also split by an 8-in. fireclay into two beds, 1 ft. 10 in. and 7 to 12 in.

respectively, in true thickness. The Great Seam, 29 fms. from the

surface, is in two beds, 17 to 20 in. and 6 to 8 in., separated by 19

to 30 in. of stone.

Between this point and the outcrop of the Index Limestone at

Cornton, the beds are thrown into a series of gentle folds, and the

thin coals of the Upper Limestone group seen in the Cornton Burn
below the bridge at Cornton are lying in a series of shallow basins.

It has not been found possible to identify or trace the outcrops of

the two seams seen at intervals in this section, but it is probable

that the Wood and South Parrot, both of the Upper Limestone
group, may be represented.

The Elex and Eumbles Coals appear in the Cornton Burn 100 yds.

above Cornton, and their outcrops follow the course of the stream

for some distance. Where they first cross the burn the beds are

vertical, and, a short distance farther up, the dip is slightly inverted

towards the north-west.

The lower coals can be seen crossing the burn farther to the

westward, where they have been identified successively as the Black-

chapel, 16 in. ; the Glass, 2 ft. ; the Beattie, 10 in. ; the Corbie Craig

;

and the North and South. The position of some of these coals in the

ground between the Cornton Burn and the Esk, has been approxi-

mately fixed from their occurrence in the section of the Talla Water
tunnel.*

The entire series of the Edge Coals, from the Flex to the North
and South, are found at the old Brunston Colliery, on the nortli side

of the Esk, which was worked for many years, up till about the

middle of the last century, by a day-level driven from the river bank.

The Flex is here a soft dirty coal, 22 in. thick. The Eumbles
averages 3^ ft., and a small area of it was worked for steam coal.

The Great Seam is not more than a foot in thickness and was not
found to be workable, but other seams lying beneath it were wrought
to some extent. The first of these is the Stony Coal, of poor quality,

about 3 ft. in thickness, divided into two beds by 20 in. of stone.

The next seam is the Corbie Craig, the best coal of this part of the

area, which also occurs in two beds separated by 12 to 20 in. of fire-

clay. The top bed is a rough coal averaging 2 ft. ; the lower gives

14 to 18 in. of good splint coal.

The lowest coals, the North and South, were here regarded as

forming a single seam, composed of a splint coal of 13 in., a hard
" kingle," 2 ft. 10 in. and a 20-in. coal below. The seam is hardly
workable, but a small part of it has been wrought out.

The following section gives the details of the succession and

* Information kindly supplied by Messrs. Leslie & Beid, Engineers to the Edin-
burgh and District Water TVust.
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thickness of the coals and intervening strata at the Brunston

Colliery :—

•

Section of the Edge Goals at Brunston Colliery.*

LIMESTONE (No. 4)

Sandstone
Flex Coal

White fireclay

KuMBOLDs (or Rumbles) Coal
Sandstone and fireclay .

.

Laveeock Coal
Sandstone

Coal
Sandstone

Coal—Great Seam .

.

Fireclay and ironstone balls

Staiehbad Coal
Fireclay and ironstone balls

Gillespie Coal
Indurated clay .

.

Coal, mixed with stone

Sandstone .

.

Fireclay .

.

Sandstone
Shale (blaes)

Splint Coal
Shale (blaes)

Glass Coal .

.

Indurated clay .

.

Stony Coal
Coarse grey sandstone .

.

Hopes Coal
Fireclay with ironstone balls

Beattie Coal
Sandstone and shale

Fine white sandstone .

.

Coal "|

Fireclay V Cobbie Ceaig Coal
Coal I .

.

Ft.
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TEMPLE FIELD.

The examination of the natural sections taken in conjunction

with the data obtained from the numerous bores put down by the

Arniston Coal Company has made it possible to construct a general-

ised section of the beds which come above the thin limestone at the

top of the Lower Limestone group. Near the bottom of the section

a coal with a parrot band probably represents the Parrot Coal of the

Arniston Colliery. It is seen in the South Esk above Temple and
also in the bend of the stream below the junction with the Eedside
Burn, and has been struck in several of the bores of the Arniston
Coal Company. The Coal 4 ft. thick near the top of the section at

Temple is supposed to be the Kailblades Seam. Higher than any of

the strata in the foregoing section are some of the beds with thin

coals seen in the little burn running down from Eedside, and near

the south-westerly continuation of the Vogrie fault. The mapping
of the ground south of Carrington and Eedside has shown that this

fault crosses the South Esk a short way below the junction with the

Eedside Burn, and is continued in a westerly direction through Eed-
side and Fatlips, thus truncating the basin of the Coal Measures and
Millstone Grit along its southern margin. Bores Nos. 1 to 5 and Bore
No. 15, Arniston Mains, prove the continuation of this fault between
Gorebridge and the South Esk, the Upper Limestones being faulted

down against the Edge Coal group, and striking at the line of junction.

Near Temple, and for several miles farther west, some of the

higher beds of the Edge Coal group and the Upper Limestone
division have been probably cut out by the same fault, and the

thickness of the Edge Coal group preserved between Yorkston and
Eedside perhaps does not exceed 200 ft. Owing to their gentle

northerly dip the strata, however, cover a wide area. Bores Nos.

3 and 4, Arniston Mains, put down by the Arniston Coal Company,
in the neighbourhood of Bells Mains, farther to the east near Fushie-

bridge, found the Parrot Coal at depths of 361 and 400 ft. The
former bore was continued to the limestone, which it reached at

387 ft. At 78 ft. in Bore No. 3 a thick coal was met with, giving

the following section :

—

Ft. In.

CoAi. 3 0^
Fireclax- 1 10

Coal . .
' 2 11

In Bore No. 4 the same coal was met at 90 ft., and gave the

section shown below :

—

Ft. In.

Coal 2 9J
Parrot . . . . . . . . . . . . . . l"

EouGH Coal llj

This coal probably represents the Great Seam. Other bores show
that this coal is restricted to a small basin and probably bounded on
one side by the Vogrie fault.

The underground workings of the Gore Pit show the continuation

of the Eoman Camp anticline as far south-west as Arniston Mains,
the different level roads following one another in curves as the
dip changes from west to south and S.S.E. Across the Vogrie
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fault the southern continuation of the Eoman Camp anticline is also

shown by the Lower Limestones coming nearly to the surface near

Arniston House, as is proved by Bore No. 16, which commences
below the Parrot position and passes down into the limestones.

Three miles to the west, on the south side of the supposed con-

tinuation of the Vogrie fault near Patlips, a fine-grained yellow

sandstone with no clear dip is first seen, followed higher up the

burn by a soft, rather coarse yellow sandstone, which dips

W.N.W. These yellow sandstones, and also the sandstones,

shales and thin coals seen farther south, in the old quarries near

the reservoir for the Eoslynlee Asylum, are supposed to belong to

the Edge Coal group, but no fossils have been found to prove their

Lower Carboniferous age. A seam of coal found in making the

puddle trench of the reservoir is reported to be of good quality and
thicker than those in the quarries. c. b. c.

THE GOREBKIDGE, NEWTONGRANGE AND COWDEN FIELDS.

In this district, on the east side of the coal basin, coal is now
obtained from the following pits : New Gore, Emily (Arniston

Colliery Co.), Lady Victoria (Newtongrange, Lothian Coal Co.),

Bryans. Much of it is brought from great depths and considerable

distances from the winding shafts. The forehead of the " Carrington

Dook " in the Parrot seam in the Lady Victoria Pit is about 2200
ft. below the surface, at a locality about 500 yds. W.N.W. of Aiken-
dean Farm. The beds near the forehead are undulating, but are

probably on the Bastern side of the centre of the basin.

In the Lady Victoria shaft the strata between Limestone No. 4
and the thin limestone (at the top of the Lower Limestone group)

that underlies the Parrot seam are about 646 ft. thick,* and they
include 15 coals of variable quality, which exceed 23 in. in

thickness. The total thickness of coal and cannel, without counting

partings of dirt, is abont 70 ft. Most of the seams cannot, how-
ever, be worked with profit at great depths, and in the Victoria

Pit the only seams being mined at the time of the revision by the

Geological Survey were the Parrot and Bryans Splint. At Arniston
the Great Seam and the Kailblades were also worked.

The following section shows the coals and intermediate strata as

they were proved at the old Cowden Colliery, Dalkeith :

—

Ft. In.

I>'DEX LIMESTONE (No. 4)

bandstone and sh
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Coal (Diamond)
Sandstone and shale

Coarse blaokband ironstone

Coal
Shale with bands

Coal (Siller Willie)
Sandstone

Coal
Sandstone bands.

.

Coal
Shale

Coal
Sandstone bands .

.

Coal
Shale
Ironstone in balls

Coal
Shale

Coal
Shale

Coal
Sandstone and shale

Coal (Blackbird) .

.

Sandstone.

.

Coal (Coronation) .

.

Sandstone and shale

Shale and ironstone balls

Coal (Hard Splint) .

.

Shale and ironstone balls

Coal (Smithy)
Shale and sandstone
Fireclay and ironstone

Sandstone and bands
Coal (Bryants Splint)

Sandstone bands .

.

Coal .

.

Sandstone and shale

Coal (Alecks)
Sandstone

Coal
Bands (sandstone)

Coal
Shale

Coal
Shale

Ironstone (clayband)

Coal (Kailblades) .

.

Sandstone
Coal (Little Splint)

Sandstone and shale

Coal
Shale

Ironstone
Coal .

.

Sandstone .

.

Coal
Sandstone and shale

Coal (Parrot)
Fireclay .

.

Sandstone and shale

limestone (No, 3).

Brought forward
Ft.
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Of the seams mentioned in the above section the chief can be

recognised in the Lady Victoria and Emily shafts, as shown by
the following considerably shortened sections :

—

Portion of Section in the Lady Victoria Shaft.

Index or No. 4 limestone.
Strata

Coal
Strata

Ft. In.

1 2Shale, parroty
Cannel . . . .

IEOjSTSTONE .

.

. .

Coal
Cannbl . . . .

Shale, parroty . .

Strata

Coal
Strata

Coal
Sandstone .

.

Coal
Bastard fireclay .

.

Coal . . . .
'

.

.

Strata

Sandstone .

.

Great Seam Coal .

.

Strata

Diamond Coal
Strata

Coal
Daugh and blaes . .

Coal with daugh parting
Ironstone bands .

.

Coal
Blaes

Coal
Blaes

limestone bands .

.

Strata with thin Coal
Coal 1

Blaes

Coal .

.

Blaes

Coal .

.

Carry forward

Ft.
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horizon in which these fossils have yet been found.* In

England, they are said to characterise the Lower and Middle Coal

Measures.
In the Lady Victoria Pit a band of hard calcareous sandstone,f

about 5 ft. thick, is found 34 ft. below the Little Splint Coal,

and contains along certain bedding planes an admixture of small

black grains of tourmaline.

A thin seam of Lingula shale occurs in some places just above
the Kailblades or Kough Coal, between 100 and 140 ft. above the

Parrot Coal. It was stated to occur at Bryans by Mr. D. Milne
Home,! so long ago as 1839, and is well exposed at Common
(Gorebridge), where it is 2 or 3 in. thick and overlain by
15 in. of shale with ironstone nodules, but in the Lady Victoria Pit

it has not been detected.

The Kailblades is used as a steam coal. In both the Emily and
Lady Victoria Pits it is much mixed with partings of clay and thin-

bedded sandstone, frequently full of vertical rootlets. The two
coals, about 8 ft. apart, which are exposed in the old quarry

at the north end of the wood between Lawfield and Langlaw,
probably represent two portions of the Kailblades Coal with a thicker

separation than usual.

A sandstone that occurs a little above the Kailblades Coal is

about 40 ft. thick in the Masterton Quarry and contains numerous
quartz grains- as large as a pea, being much coarser than most of

the sandstones which occur in this district in the Edge Coal group.

In the Crossgatehall railway cutting there is, however, an equally

coarse sandstone slightly below the Great Seam, and at Gilmerton
the strata between the Great Seam and the Index Limestone chiefly

consist of rather coarse sandstone or grit (p. 199).

The Bryans Splint Coal is sometimes 6 ft. thick, and is an
excellent house coal. Parts of it are of hard splint coal which can
be got in large blocks, and above it we often find 12 or 13 ft. of

shale with small nodules of ironstone and thin even courses of

sandstone.

The Coronation Coal in the Lady Victoria shaft is pyritous and
somewhat liable to spontaneous combustion. About 24 ft. below
this seam, a thin limestone, rather more than 2 ft. thick, was
cut in sinking the Lady Victoria shaft. A search was made for

this band in the " Newbattle incline," and a calcareous sandstone,

2 or 3 ft. thick, with abundant remains of Productus semireticulatus,

was found between 20 and 30 ft. below the coal. This calcareous

horizon is rather more than 300 ft. below the Index or No. 4 Lime-
stone, and not far from the middle of the Edge Coal group. It is not
recorded in the shaft section of the Emily Pit, Arniston.

In the roadway into Shaw's Quarry, a quarter of a mile slightly

east of north of West Houses, three coals are exposed, varying
between 14 and 24 in. in thickness and dipping about 24° to

W.N.W., as well as a lower coal, 3 ft. thick, which has been
worked iDy an "ingoing eye." All these coals must lie a little below
the Diamond Seam and probably above the Coronation Coal in

the Lady Victoria shaft, but they cannot be correlated confidently

* They occur on a higher horizon in the Bame group (p. 230).

t Locally called Wattie's toe f Op. cit. p. 38.
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with coals shown either in that or in the Cowden section, the beds
on this horizon being evidently very variable. At the entrance to

the quarry the casts of two big tree stems—one of which is

Sigillaria—are seen in a flaggy sandstone above the three-feet Coal.

They stand almost at right angles to the bedding planes and are

perhaps 4 ft. high. One of the stems must have been at least 2 ft.

in diameter.

Limestone bands, about 30 in. thick, are stated to have been
pierced about 40 ft. below the Diamond Coal in the Lady Victoria

shaft. The beds on this horizon are not now visible in any part of

the colliery, nor in any surface exposure in the neighbourhood. At
Crossgatehall—four miles away—no corresponding calcareous band
has been detected. The Diamond Coal is considered an excellent

house coal though thin.

The Great Seam is 6 or 7 ft. thick at Arniston and Newbattle
Collieries and near Smeaton Shaw. At the Arniston Colliery it is

not of very good quality and is classed as a steam coal. In all these

places it contains a band of parrot a little above the base, but this

band is not of such good quality as that from the Parrot Coal, and at

Arniston Colliery, where it is 3 in. thick, it is sent up separately.

The Great Seam is exposed obscurely near the western end of the

Crossgatehall railway cutting, where it contains, as usual, a band
of parrot near the base : above the coal comes a rather massive

sandstone about 30 ft. thick, which is well represented also at

•Gorebridge, Newtongrange and Cowden.
The Mavis Coal is exposed at the mouth of an old " boot gate " in

a little wood at the junction of the roads a quarter of a mile S.S.W.

of West Cowden. It is about 3 ft. thick and overlies a bed
of shale, 20 in. thick, which rests on a sandstone, at least 35 ft.

thick, coming above the Great Seam. Above the coal there is a

bed of shale a foot thick, and then a band of ironstone from 4 to 5

in. thick.

Good surface exposures of the beds under review are rare. The
best are those at Common (Gorebridge), in old quarries near East
Houses and Lawfield, and in the railway cutting at Crossgatehall

on the north-west side of the fault, with a large downthrow to the

north-west, which crosses the cutting 90 yds. east of the bridge.

The last-mentioned exposure furnishes the most extensive section,

the details of which are given below in descending order :

—

Section in the Eastern Fart of the Crossgatehall Railway Cutting.

Sandstone
Gap
Flaggy sandstone

Coal
Thin-bedded sandstone with rootlets

Massive sandstone

Coal
Sandy shale

Sandstone
Gap
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Great
Seam

Brought forward
Sandstone
Small Gap i

Bright Coal
Parrot Coal
Bright Coal

Sandy clay

Coal
Sandy clay

Gap 4 or

Shales and thin sandstones, often with rootlets

Coal
Shale
Alternations of sandstone and shale, the former rock in

near the top
Shale
Sandy shale and shaly sandstone

Sandstone
Coal

Fireclay .

.

Alternations of shale and sandstone

Shale with ironstone

Bright Coal (bottom not seen)

Shale with ironstone nodules . .

Sandstone.
Fireclay ,

Coal .

.

Clay shale

Bright Coal
Parrot Coal

Clay
Bright Coal .

Sandy clay

Massive sandstone

Blue and grey clay and shale, with ironstone layers and a 3-in.

band of Parrot Coal close to top

Alternations of sandstone and shale

Coal
Mostly sandstone

Coal
Massive sandstone

Coal, splinty near top and with a l-in. parting of shale neai' middle
Sandstone with rootlets.

.

Shale
Coal with some Parrot near middle

Massive sandstone
Shale and thin-bedded sandstone

Massive sandstone
Thin-bedded sandstone with shale partings .

Shale with ironstone

Coal with lumps of pyrites .

.

Fireclay .

.

Jewel
Coal of

Carberry 1

Ft. In.

29
30

30

5

1

10
4

10
1 1

8

1 5

6
1

11

2

30

1

5

2
6
2

2

11

3

3

2

11

8

10
5

12
1

1

15
5

1 6

6
10

25

6

9

6

310

The total thickness amounts to about 310 ft. The coal with

lumps of pyrites near the base of the section is seen on the south

side of the railway cutting. On the north side a coal mixed with
ironstone and parrot appears to be nearly on the same horizon, but
the section here is not clear. The direction of dip varies between
E.N.E. and N.N.E. and the angle between 25° and 30°.

The general dip in the Gorebridge-Cowden district is slightly
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north of west at angles varying between 10° and 25°. Near Gore-

bridge, the outcrops are affected by the anticlinal fold of the Eoman
Camp ridge, at the south end of which the arch pitches to the south,

and the dip changes gradually from west through south-west and
, south to south-east. Hence the outcrops of the lower coals

—

including the Bryans Splint, Kailblades and Parrot—form curves

with the convexity pointing nearly south, but the crops of the Great
Seam and overlying strata are abruptly truncated by the great

Vogrie fault.

On the north side of East Houses the outcrops of the lower beds

—from the Bryans Splint downwards—are also affected by a roll

over towards the east, and though they are not distinctly seen they

must in places be separated by wide intervals from those of the

higher seams. Thus while the outcrop of the Edge Coal group on
the west side of the Eoman Camp ridge is slightly less than a mile

broad near Newtongrange, it is a mile and a half near Cowden. The
axis of the fold referred to strikes N.N.E., in much the same direction

as that of the Eoman Camp anticline.

On the south side of the old quarry at the north end of the wood
between Lawfield and Langlaw the beds are plicated along two small

folds with axes striking nearly east and west.

The Parrot Coal appears to have been formerly worked in at

least two places nearly half a mile slightly north of east of Lawfield,

and it is believed by miners to extend over the hill eastwards to

Edgehead. It is said to have been proved in a boring a little west
of the fault, with downthrow to east, which bounds the Edgehead
workings.

The Vogrie N.N.E. fault, which has been adopted as the

south-east margin of the area now being described, has, near Gore-

bridge, a downthrow to the north-west of about 40 fms. In the

Vogrie Pit the depth of the Great Seam is 10 fms. and that of the

Bryans Splint is 50 fms., while in a bore about 500 yds. south-east

of the pit the Splint is only 6 fms. deep^'and is dipping gently north-

west. The surface position of the fault can be located in the Gore
Water, where there is an exposure of Limestone No. 4 a little distance

on the north side of it. From a comparison of the underground with

the surface positions the hade in this locality is made out to be 52°,

A little north of the Emily shaft two large nearly east and west

faults throw the beds down into a trough. A quarter of a mile east

of Hunterfield the displacement of the southern fault has been
proved in the Bryans Splint Seam to be 186 ft. down to the north,

but it rapidly diminishes in a westerly direction, and 730 yds. farther

west, is only 18 ft. The northern fault is said to have a downthrow
of 185 ft. near Greenhall, but about half a mile west of Greenhall

the displacement in the Great Seam is only 90 ft. Eastward from
Greenhall this fault truncates the limestone at the end of the Eoman
Camp ridge, but the downthrow cannot be large, the limestone on

the south side of the fault having been found only a short distance

below the surface.

At Bryans the strata are thrown down to the north 12 or 14

fms. by an east and west fault, which was lately exposed at the

surface in a position 150 yds. north-east of the pit head ; the crushed

rock accompanying the fault is several yards in breadth.
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An important line of disturbance striking north-east or

N.N.E. and represented either by one or two faults, both with
a large downthrow to the north-west, has been met in the Cockpen
Dook, in the Newbattle Incline in the Lady Victoria Colliery, and in

workings near East Houses. In the Cockpen Dook the fault plane
has not been driven through, and the amount of downthrow is

not known. The position of the south side of the fault in the Parrot
Seam, at a depth of more than 2000 ft. beneath the surface, is about
30 yds. south of Cockpen Bridge. In the Newbattle Incline there

are two large dislocations, one with a displacement of 240 ft. and
another of 168 ft. Near East Houses the main fault has a throw
of 120 ft. and is accompanied, on the south-east side, by a nearly

parallel minor fracture of 30 ft. In a north-easterly direction from
East Houses the disturbance has not been proved in mining, but it

seems probable that it rims to the east of the outcrop of the Great
Seam. Perhaps it is represented by the N.N.E. fault that

crosses the Crossgatehall railway cutting, the downthrow of which
is in a north-westerly direction, and must be large, perhaps as much
as 500 ft., the greater part of the Edge Coal group being cut out by it.

A north-west fault on the south side of Wester Cowden has a

downthrow to the north of 90 ft., and to the north of this locality

two faults strike nearly north-west and have a displacement to south-

west amounting to 30 and 42 ft. respectively.

The east and west fault passing about 100 yds. south of Cowden
Cleugh * was formerly regarded as the continuation of the Sheriffhall

fault. Perhaps it may be a branch of this great line of disturbance,

but Mr. E. T. Moore has lately proved by boring operations that its

downthrow is not likely to exceed 40 or 50 ft. at the head of the

Cleugh. c. T. c.

COAL-FIELD EAST OF GOKEBEIDGE AND OF THE ROMAN CAMP EIDGE.

North-east of the Gore Water, coals have been worked from the

Vogrie Pits, two of which are situated on the western or downthrow
side of the Vogrie fault and have worked the Parrot, Kailblades and
Splint Seams. The Kailblades and the Splint have also been worked
on the eastern side of the fault from three pits between Harvieston
and Mountskip Farm. The Parrot Coal has been proved in bores

but has not been worked on the eastern side, being apparently too

thin to repay mining. This is indicated by the following section

derived from an old bore put down near Harvieston, on the south-

east side of the Vogrie fault :

—

Section of the Strata at Harvieston.

Surface .

.

Fireclay .

.

Sandstone and shale

Soft Coal .

.

Sandstone and shale
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Brought forward
Coal (impure)

Sandstone
Splint Coal (waste)

Sandstone and shale

Coal
Sandstone and shale

rCoAL
Fireclay

Coal
Fireclay

^OOAL
Sandstone and shale

Pareot Coal
Sandstone and shale

Limestone.

Kailblades
Seam.

Ft.
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the lower limestones exposed in the valley of the Tyne Water. The
Kailblades Coal is exposed in the burn north of Vogrie House a short

way below the bridge over which the main road passes. The same
coal is cut near the mouth of the long day-level that runs from the

Level Pit near Chesterhill to the Dewar Town Burn, and is also to

be found in the burn section above the month of the day-level. A
bore put down just below the outcrop of the Kailblades Coal in the

Vogrie Burn reached the Parrot Coal, which is visible in the

burn section not far above the bridge at Vogrie House. A coal

formerly worked near the Gotty Burn, about a quarter of a mile

above the road, is also considered to be the Parrot Coal. The old

workings are still to be found near the burn, and the coal appears to

lie a short distance above the limestone exposed a little lower down
the burn.

In a quarry north of Fordel Park, a coal 5 ft. thick is met with,

but no reliable information has been obtained about it. This seam
may probably be on a higher horizon than those worked at Edgehead,
and it may be the Five-foot Coal of Ormiston.

Two coals were formerly worked in a shallow pit at Hadfast, near

Cousland, but their position is not accurately known. The following

is the section of the pits :

—

Various strata

Coal
Various strata

Shale (roof) .

.

(Coal (Parrot)

Stone mixed with coal

Coal
Various strata

Shale (blaes roof)

fCOAL
n„ ,

°^^ '

'°^Stone
Coal

Ft.
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continuation of one formerly known to exist in the Coal Measures

to the west, but, near Carberry, the amount of its displacement has

increased to about 100 fms. The outcrops of all the coals are shifted

by it to a considerable extent. Another dislocation, with a down-
throw to the north of 25 or 30 fms., diverges from the main fracture

near Carberry Mains, and intersects one of the shafts at Carberry

Colliery, where the seams worked are, in descending order, the Great

Seam, the Carberry orWallyford Jewel, the Four-foot and the Five-foot.

The outcrops of all these coals are indicated in the map. A thinner

seam, called the Parrot Eough, and containing Parrot, occurs a short

distance under the Jewel. The dip of these seams near their out-

crop is about 20° or 25°, but they flatten out towards the centre of

the basin :

—

Section of the Strata at Garberry Colliery.
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Newbattle
and Gowden.
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The limestones are generally more largely developed at the south-

western and south-eastern ends of the basin than towards the north.

In the neighbourhood of Niddrie, at the north-west side of the

syncline, they are thicker than at the east side, though the sediments

separating them are also thicker—a somewhat unusual coincidence.

c. T. c.

POETOBELLO, NIDDME AND GILMERTON ABBA.

The Niddrie railway cutting, where the beds are well exposed

and have a uniform dip of about 65°, affords an almost complete

section, as shown below :

—



tipper Limestone Group of PortobeUo and Niddrie. 233

The "Extra"
LIMESTONE.

latissimus very abund

salmon-coloured grit

LIMESTONE
Grey marl

LIMESTONE
Grey marl with Prodiictus

ant near base

LIMESTONE with P. latissimus

Grey fossiliferous marl
Coal

Fireclay

Gap with sandstone and shale

Sandstone
Fireclay

Coal
Sandstone and marl .

.

Soft, crumbly, often coarse,

Shale
Coal

Fireclay

Coal
Sandstone and shale

Coal
Fireclay

Flags
Shale and sandstone
Flaggy sandstone
Gap .

.

Bluish-grey shale

Hard flaggy sandstone
Fireclay passing into sandy shale .

.

Sandy root-bed

Gap (position of South Parbot Coal)

Ft. In.

2 2

5 5

V

7

1

2

3
25
25
5

10
63
4

14

10
13
14
42
2

18

1

9
2

5

11

4

3

4

8

10

8

10

The beds below the South Parrot are not so well exposed in the

railway section as they were in the crosscut of No. 13 Niddrie Pit,

from which the following section has been constructed :

—

Ft. In.

/Splint
\Parrot

1
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the formation of limestone did not cease at Mddrie with the forma-
tion of No. 6 Limestone, for a limestone 3 ft. 6 in. thick occurs

about 23 ft. above it, which is regarded as part of the Eoslin

Sandstone series (Millstone G-rit). The " Extra " Limestone between
Limestones Nos. 4 and 5 consists of a mass of white fossiliferous marl
with thin irregular courses of limestone, both of which are richly

charged with Productus lafissimus. The same fossil occurs again
abundantly in 'No. 4 Limestone (Index); at Joppa Quarry and
Niddrie cutting it occurs in a band at the bottom of the limestone,

while in the crosscut from No. 13 Pit of the Niddrie Colliery it is at

the top.

A portion of the group is well exposed in the railway cutting

east of Gilmerton Station. The section is very clear between No. 5

and the " Extra " Limestone, and continues to some distance below
the latter. The chief details are shown in the following section in

descending order :

—

No. 5 LIMESTONE . .

Sandstone and shale .

.

Dark shale

Ikonstone band
Shale, sandstone and fireclay

Wood Coal
Sandstone and shale .

.

Sandstone, reddish
Gap, at least .

.

The " Extra " limestone (foasiliferous marl with limestone
courses, with abundant Productus latissvmus) .

.

Ft.
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LOANHEAD, BILSTON BUKN AND MAUKICEWOOD AREA.

The sequence of limestones, coals and intervening strata in the

Upper Limestone group in this district is given in the subjoined

table :

—

Castlecart limestone (No,

Strata

Coal .

.

Strata

Coal
Strata

Coal
Strata

Coal, Parrot .

.

Strata

Coal
Strata

Aedbn limestone (No. 5)

Strata

Coal
Strata

6)

LIMESTONE
Strata

I "EXTEA"
, „ ,„ r LIMESTONE
LIMESTONE.)
Coal, Parrot .

.

Strata

Goal
Strata

Coal .

.

Strata

Coal
Fireclay and blaes

Coal "

Blaes

Coal
Strata

^°%. •, 1 South
Fireclay fp

^
Coal . . J

^^™^

Strata

Coal
Strata

Index limestone (No. 4)

Ft.
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Bilston Burn this seam is of variable thickness, as shown by the

following comparative sections :

—

At Edgefield. At Mavisbank. Bilston Burn.
Ft. In. Ft. In. Ft. In.

Coal, Paebot ..13 Coal, Fine Splint 1 4 Coal . . ..29
„ Free . . 10 „ Pabeot ..05 Fireclay ..23

„ Roir&H Rich 1 3 Coal . . ..03
2 1

3 5 3

The band of parrot in this seam at Mavisbank was a gas coal of

good quality and was sold, together with the upper and lower portions,

for household purposes. At Edgefield the parrot was also an ex-

cellent gas coal, one ton producing 11,454 c. ft. of gas of 30 candle

power. On both sides of the Bilston Burn the crop can be traced by
the old workings extending to the top of the wooded bank.

Continuing this stream section (Fig. 15) we find, about 93 ft.

above the South Parrot Seam, a coal, 3 ft. thick, which may be the

Wood Coal, but it has not been wrought in this field. It is succeeded
by a set of thick sandstones with partings of blaes. A rough
parrot coal, 1 ft. thick, appears at the junction of the Dryden and
Bilston Burns, and lies exactly at the base of the Extra Limestone,

which consists of several bands. The impure limestone at the base is

2 ft. 2 in. thick, and is separated by 36 ft. of limy blaes from a good
limestone 3 ft. 6 in. thick.

In the Dryden or Kill Burn the Extra Limestone has been traced

up stream almost to Dryden House, where both the top and bottom
beds and also the limy blaes are exposed. Near the foot of this

tributary Proditctus latissimus occurs more abundantly in the Extra
Limestone than in the exposure of the Index Limestone in Bilston

Burn. From the junction of the two streams the parrot coal and
limestone, together with the underlying thick sandstones, can be

followed down the Bilston Burn for 190 yds. until they are shifted

by a small fault to the south side of the ravine (Fig. 15). At this

point the stream bends to the north and at the same time the outcrops

of the limestone and parrot coal run up the side of the ravine and
pass in below the viaduct at the foot of the south embankment. On
the south side of the ravine and 31 yds. below the centre of the

viaduct the parrot coal is seen, followed by 35 ft. of limy blaes

and some sandstone ribs. Here the section is interrupted by one of

the Burghlee faults, but the beds on either side can easily be identified.

Above this Extra Limestone we find 170 ft. of strata composed of

sandstones and blaes with a soft coal, 1 in. thick, and succeeded by the
Arden Limestone. This calcareous zone is here a light grey calmy
rock, full of crinoid stems, is 5 ft. thick and occurs in two beds.

About 253 ft. of strata, consisting of an alternating series of blaes,

bands, sandstones and fireclays, with five thin coals, lie between the
Arden and the highest limestone (Castlecary) of the group, which is

well exposed on the south side of the stream about 50 yds. below a
dilapidated stone bridge, its thickness there being 11 ft. 3 in.

Between this outcrop and the bridge the beds are sharply folded

and occasionally dip west (Fig. 15).

In the area to the south of Bilston Burn the first exposure of any
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of the upper limestones is that of the Castlecary Seam on the east
side of the river Esk above the Eoslin Powder Mills, but the section

is not very satisfactory nor is the structure of the ground clear. In
the small stream at Greenlaw Mains two beds of encrinital lime-
stone, nearly vertical, have been quarried, but very little rock is now
visible. From the depth at which the No. 3 Ironstone has been
mined belovi- these calcareous zones it is inferred that the limestone
nearest the railway may be the Arden and the other to the north-
west the Extra Limestone. To the south of Mauricewood Pit the
crops of the Castlecary, Arden and Index Limestones have been laid

down by protraction from boring information. In the Coates Burn,
a mile west of Penicuik, two outcrops of the Calmy or Arden Lime-
stone are seen in the bed of the stream on either side of a shallow
syncline. A short distance below the eastern limb of this trough is

a grey-blue limestone with calmy blaes and ironstone nodules, which
probably represents the Extra Limestone. Two hundred yards
farther down the stream the Arden Limestone appears again on the
eastern side of an anticlinal fold. j. s. G. w.

PENICUIK AREA.

The highest or Castlecary Limestone is seldom exposed in the
south-west part of the basin, and the exact position of the upper
limit of the Carboniferous Limestone in this drift-covered area is

consequently, over a large extent of its course, conjectural.

The Castlecary Limestone crosses the river Esk at Esk Mills,

half a mile below Penicuik, where it appears as a hard grey encrinite

rock, with a dip to north-west at 16°. From this point it extends
north-eastward and is exposed in the small burns to the east and
north-east of Auchindinny Mains. In the stream which flows past

Firth House it presents the character of a brown-weathering, some-
what sandy limestone, characterised by Productus costatus and abundant
Spirifers. A short distance south of Kirkettle it is cut off by the

fault which forms the southern boundary of the Eoslin Sandstone.

In each of these exposures, as at Esk Mills, the limestone is

immediately overlain by a dark shale with ironstone nodules, to

which succeeds a thick false-bedded yellow sandstone. Beneath
the limestone in the Esk section follow sandstones, dark shales

and a thin coal 10 in. thick.

Two hundred and fifty yards farther south another limestone,

the Arden or No. 5, crosses the stream, and occurs here in two
bands separated by a few feet of shale and sandstone. The upper
bed is only 9 in. in thickness, but very fossiliferous, the lower

a hard grey calmy limestone 9 ft. thick. It is also well seen in the

bank of the mill lade on the west side of the river, where it is

crowded with Productus latissimus.

There is no evidence of the occurrence of this band in the ground
to the north-east, but its approximate position at the Kosewell Asylum
on the east side of the basin of Millstone Grit has been fixed by the

bores near Auchindinny Mains. The grey calmy limestone, seen in the

ditch at the back of Pomathorn Station, no doubt represents the Arden
Limestone, thrown back to the south-east by the fault that crosses

the Esk at the Valleyfield Mills. The brown-weathering encrinite
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limestone that crosses the Black Burn below the bridge at Dykeneuk
appears to occupy the position of the Castlecary band, and is

succeeded above by the usual shales with ironstone ribs and yellow
sandstones. There are two calcareous zones at this locality, but the
distance between them seems too small for the lower one to be regarded

as the Arden. These upper limestones are not seen again on the
east side of the Auchencorth basin.

The Index Limestone is also not visible anywhere in the ground
to the east of Penicuik, but its approximate position, as indicated on
the map, has been obtained from bores.

The strata are here inclined to'the north-west at low angles, and it

will be noticed how far the outcrop is shifted to the west by the

Valleyfield fault.

The exact position of the highest limestone on the west side of

the basin south of Penicuik can be nowhere fixed with certainty, but
the Arden and Index can be traced fairly continuously from the
grounds of Penicuik House nearly to the margin of the map. The
former crosses the Esk one-third of a mile east by north of Penicuik
House and can be followed along the steep wooded bank above the

south side of the river. It here forms two bands, separated by at

least 50 ft. of shales and sandstones, and dipping south-east at 50° to

55°. Immediately above the upper band is a thin coal.

The Index Limestone is exposed in the small burn north-east of

Penicuik House and in the river at the saw mill, P. latissimus

being abundant at both localities. A fault with a downthrow to the

east crosses the river between the saw mill and the cauld, cutting

off the outcrop of the Index Limestone in the bed of the stream,

and throwing out the Arden from the Hare Burn section, where it

would naturally appear between the base of the Eoslin Sandstone
and the South Parrot Coal. The position of these limestones on the

west side of the fault is for some distance obscured by drift and
alluvium, but there are indications that the Arden follows the out-

crops of the underlying Wood and South Parrot Coals round the

steep contours of the Hurly wood.

A dark-blue limestone and calcareous shale, crowded with very

fine specimens of F. latissimus in the Cornton Burn at Cornton,

is recognised as the next appearance of the Index Seam, and half a

mile to the south-west, both this limestone and the Arden, with their

intervening coals, are seen in the bank of the river a short distance

below Brunston Farm.
From this point the two limestones with either one or both of the

associated coals can be traced almost continuously along the river-

banks to Auchencorth. To the west of Brunston Castle the beds are

thrown into a series of gentle synclinal and anticlinal folds. The
Arden Limestone, brought up again on the back of one of the latter,

is well displayed in the small stream that falls into the Esk just

below Auchencorth. The section here shows 8 to 9 ft. of brown-
weathering calmy grey limestone with an anticlinal dip to north-west

and south-east at about 20°. This band contains F. latissimus and
Gauda-galli, and in the outcrop on the steep bank across the river,

in addition to Frodudus, there is a remarkable bed of cup-corals.

The Arden, the Wood Coal and Index Limestone can be followed

for some distance farther to the south-west along the steep river-
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banks, till they leave the valley and are lost beneath the drift and
peat that covers the Auchencorth plateau.

The Wood and South Parrot, the most important of the coals

associated with the Upper Limestones, are seen in the Hare Burn, half

a mile south of Penicuik House. The upper seam, the Wood, is here

about 19 in. thick, and the Parrot, a short distance below, gives 10

or 12 in. of parrot coal. The lower seam was worked about the year

1866 to supply cannel coal for the gas-works at Penicuik House, but
was found to be poor in quality. It will be noted that these coals

h ive decreased in thickness between this point and Niddrie, where
the Wood is 2 ft. 6 in. and the Parrot 2 ft. 10 in. in thickness. The
section above the coals in the Hare Burn gives a series of shales,

fireclay and sandstones, with a band of clayband ironstone near the

edge of the wood—which is almost immediately followed by the red

and purple grits of the Koslin Sandstones, the two higher limestones

being cut out by a fault. This section is noteworthy as having
yielded, in addition to undoubted Lower Carboniferous forms, fish

remains pronounced by Dr. Traquair to be " indistinguishable from
Strepsodus sauroides," a form hitherto only recorded from Upper
Carboniferous strata. In addition to this fish, Mr. Tait has obtained

from a bed of rusty sandstone with ironstone nodules, between the

clayband ironstone and the upper coal, the following :

—

Acanthodes sp. (very large spines of),

Oracanthus armigerus Traq.

Elonichthys pectinatus Traq.

Helodus sp.

Cochliodont teeth and spines.

Calamites sp. nov. [= C. Taitianus Kidston ilf.S.].

L. W. H.

AENISTON MAINS, GOEEBEIDGE AND SMEATON AEEA.

In this tract there are few exposures of the Upper Limestone
group, but the whole thickness of this division has been proved in the
Cowden Colliery and New Mills level (Dalkeith), and in the Lady
Victoria Pit (Newtongrange). The bottom portion has also been
proved in the Emily Pit, Arniston. None of the coals in the group
is at present worked in this district.

The section in Cowden Colliery and New Mills level,* and also

that in the Lady Victoria Pit, are given below in an abbreviated form:

—

Section of Upper Limestone Group in Cowden Colliery

New Mills Level.
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Ft. In.
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It will be seen from the above sections that the strata are some-
what thicker at Cowden and New Mills than at Newtongrange, and
that they include four limestones, one of which, only 4 in. thick,

perhaps corresponds to the Extra Limestone which is so commonly
found on the west side of the basin. The thick sandstone that comes
above the Index or No. 4 Limestone no doubt represents the Joppa
Sandstone. It is also well developed in the Emily Pit, where it is

about 89 ft. in thickness and overlain by a splint coal, 19 in. thick.

Limestone No. 4 is only seen at the surface in one place in this

district, in the Gore Water a little above the bridge at Gorebridge,

where the top is characterised by many specimens of Productus
latissimus. In the Emily shaft, nearly a mile farther north-east, this

limestone is about 3 ft. 9 in. thick and about 146 ft. above the Great
Seam. The shaft pierces about 187 ft. of rock with no calcareous

band above this limestone.

In the Gore Water almost due north of Harvieston Mains there

is a parrot shale, at least a foot thick, which must lie between
Limestones No. 4 and 5. It was formerly worked to a considerable

extent, chiefly from the old Gore Pit, and is said to have been a first-

class gas producer, but to have yielded no coke.

A short distance above the thick sandstone, on the horizon of the

Joppa Sandstone, in the old Cowden Cleugh Quarry, a little more
than a mile and a half E.N.E. of Dalkeith Station, there are

two thin coals 10 or 12 ft. apart. Parrot occurs in both, but that

in the lower appears of better quality and is in places as much as 10
in. thick. The lower coal may be on the horizon of the parrot shale

which was formerly worked near Gorebridge, and it may also represent

the South Parrot of the west side of the basin. The coals, recorded

as splint, which come just above the Joppa Sandstone in the Cowden
and Emily Pit sections, also appear to be near this horizon.

In the strip of wood extending west of the Cowden Cleugh
Quarry, rock consisting largely of sandstone is exposed as far as the

probable position of Limestone No. 6, and calcareous sandstone is

seen on both sides of the roadway near the probable horizon of Lime-
stone No. 5. The latter band is visible in Gore Water at the old

bridge 550 yds. above the footbridge, and again at the side of the

stream a little farther up. The section in the burn is somewhat as

shown below, beginning at the top :

—

Ft. In.

LIMESTONE, the lower part more impure than the top, with
occasional remains of Productus latissimus . . . . 9

Calcareous shale . . . . . . . . . . . . 3

Sandy limestone with Cauda-galli . . . . . . . . 3

Higher up the stream section about 18 ft. of shale and some
lenticular seams of blue limestone, about 6 in. thick, with Productus

latissimus and other fossils, appear beneath this limestone.

Limestone No. 6 is seen twice in the South Esk, one locality

being three-quarters of a mile above the foot of Gore Water, and
the other a quarter of a mile from the same point. It contains

broken fragments of crinoids, weathers with a yellow crust, and is

perhaps as much as 6 ft, thick, but the lower portion is impure.

c. T. c, c. B. c.

i6
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CAEBERRY AND PRESTONGKANGE.

Limestone No. 4 has been cut through in the shafts at Carberry,

where it is 129 ft. above the Great Seam. Both No. 4 and No. 5

have been met with at Wallyford, where the section, is as follows :—

-

Shale
XIMESTONE (No. 5) . .

Saudstone and shale .

Foul Pareot Coal .

.

Sandstone and shale .

Sandstone
Sandstone and shale .

Fireclay .

.

Sandstone bands
Shale mixed with coal

.

Sandstone and shale

LIMESTONE .. ..

Sandstone and shale ,

Sandstone
Sandstone and shale

Fireclay .

.

LIMESTONE (No. 4) . .

Ft.
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Limestone No. 5 is split up into three parts by beds of shale, which,

like the limestone itself, are extremely fossiliferous. The lowest

part, full of Productus latissimus, is an irregular bed, seen only at

very low water. Limestone No. 6 occurs on the shore opposite

Drummore, and is succeeded by a series of more or less clayey sand-

stones, now included with the Roslin Sandstone series (Millstone

Grrit). E. M. A.



CHAPTEE XII.

THE ROSLIN SANDSTONE SEEIES (MILLSTONE GRIT) OF THE
MID-LOTHIAN BASIN.

This series includes, as already indicated, all the strata that lie

between the No. 6 or Castlecary Limestone and the fireclay seat

below the first coal of fairly good quality, at the base of the Coal
Measures. When the Mid-Lothian Coal-field was first mapped by the

G-eological Survey, the base line of the Millstone Grit was drawn at

the top of No. 6 Limestone at Portobello and Gilmerton, but, in

other localities, it was placed at a higher level to exclude a thick

mass of shales. But, notwithstanding the inclusion of these shales,

the characteristic feature of this division is the occurrence in it of

a succession of coarse, pebbly, often reddish grits * and sandstones
with fireclay. The series is remarkably destitute of coals of good
quality, though rich in fireclay.

During the revision the upper limit of the division was generally

defined in accordance with the method adopted in the original survey.

In each locality where the exposures are clear, the boundary line is

of a fairly definite character, but it is uncertain whether it always
occupies the same stratigraphical horizon.

On the basis of the plants collected by Mr. Tait from the

members of this series. Dr. Kidston has recognised an important
palseontological break in the lower portion, which has led him to

modify his classification of the Carboniferous strata (see p. 50).

The break is not of an absolutely definite character, for Lepidodendron

veltheimianum, which was hitherto supposed to be confined to Lower
Carboniferous rocks in this country, has now been found at Levenhall

in beds which are regarded as Upper Carboniferous. And in a some-

what similar manner Lepidodendron glincanum (Eichwald) has been

found in the South Esk near Carrington Barns, in a bed which may
likewise be of Upper Carboniferous age. Dr. Kidston regards these

two species of Lepidodendron as " wanderers," or species which have
survived longer in this area than the- other Lower Carboniferous

plants. It is perhaps surprising that such instances have not been
of more common occurrence when it is borne in mind that no strati-

graphical evidence of unconformity has been detected in the series,

and that the beds on either side of the break are of much the same
lithological character.

Dr. Traquair has also examined the fish remains which have been

collected from this division, and the evidence thus obtained supports,

so far as it goes. Dr. Kidston's conclusions.

The detailed mapping seems to show that the palseontological

* Mjp. J. Gr. Goodchild (" Desert Conditions in Britain," Traits. Oed. Soc. Olaag.,

1897, vol. xi. p. 71), refers the red colour of the Roslin Sandstones, and of various

other Carboniferous rocks, including the Red Measures of Fife, to infiltrations of ferric

oxide received from New Red Rooks which he supposes to have formerly overlain them,
241
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break occurs near a marine horizon, found by Mr. Tait, composed
generally of one or two beds of nodular ironstone or limestone, whichi
at Joppa, is 235 ft. above Limestone No. 6, while in the South Esk its

distance from the latter horizon varies from 150 to 232 ft. Other
marine zones have been found by Mr. Tait in the Eoslin Sandstone
series, most of them in the lower portion. The only marine forms
obtained by him from the upper portion are Lingula mytiloides and
Productus semireticulatus. On the other hand, remains of land plants

occur in greater numbers in the upper portion than in the lower.

On the western side of the basin an excellent section of the
strata is exposed on the shore opposite Joppa Salt Pans, where they
dip east or slightly south of east at angles of more than 50°. On
the south side of the Sherriffhall fault they strike along the valley

of the North. Esk by Lasswade to Hawthornden and Eoslin, where
the massive coarse red sandstones in the upper portion of. the series

are almost horizontal and form picturesque cliffs on each side of the

river. South-west of Eoslin the series extends as far as Auchencorth
Moss in a narrow synclinal belt, whose axial plane strikes north-

east. Between Eoslin and the South Esk near Carrington there are

no good exposures, and it is probable that part of the series is here

cut out by the Vogrie fault.

Along the east side of the basin the beds are laid bare in the

South Esk near Carrington, the foot of the Gore Water, near

Dalhousie Castle, and on the shore at Levenhall. In some localities

the marine horizons are represented by limestone and in others

by ironstone, and it is possible that in these cases the ironstone is

of secondary origin and has replaced limestone, but, after a micro-

scopic examination of various specimens, Mr. Howe considers that

there is not sufficient evidence to prove this supposition.

c. T. c, w. G.

POETOBELLO AND NIDDEIE AREA.

The rock ledges visible at low water at Joppa afford an almost

complete section of this series (see Plate VII.), which is there com-
posed of strata barren of coal seams but rich in clays and marls,

the whole amounting to 740 ft. in thickness. The presence of iron-

stones containing marine fossils shows that the conditio&s of de-

position resembled those that prevailed at intervals during the

Carboniferous Limestone period, while the presence of fireclays with
rootlets indicates conditions similar to those that recurred frequently

during the formation of the Coal Measures.

The highest bed yielding Lower Carboniferous plants (PlanfBed
No. 1 in Plate VII.) consists of a band, two or three inches thick, of

shale and coal mixed, which lies at a distance of 43 yds. west from the

westernmost corner of the Salt Pans. It is followed by a succession

of strata including three beds of nodular ironstone containing marine

fossils associated with fireclay and marl. The lateral shift of the

Plant Bed by two faults crossing the strike at a considerable angle,

is here very marked and affords an excellent example of the

horizontal displacement of highly inclined strata by a fault. Index

Plant Bed No. 2, from which Upper Carboniferous plants have been

obtained, consists of a thin band of white cementstone lying in black
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The massive sandstones are limited to two in number. The
lowest and coarsest, about 150 ft. thick, lies below the lowest beds of

ironstone with marine fossils.. It is somewhat flaggy at the top, but
is conglomeratic towards the lower portion, pebbles of white quartz

being rather abundant. The uppe^r horizon of sandstone underlies

the Seven-foot Coal and is about 100 ft. thick. It is of a reddish-

colour in the upper part and extremely false-bedded.

The Eoslin Sandstone series is also exposed iu Brunstane Burn,

to the north of the viaduct, but, as the beds dip at a high angle and
the stream runs nearly along the strike, not much of the sequence

can be made out.

The lower portion of the series is also seen in the Niddrie rail-

way cutting, where a marine limestone, 3 ft. 6 in. in thickness, is

exposed at a distance of about 23 ft. above the Castlecary (No. 6)

Limestone. w. G.

GILMEKTON AND KOSLIN AKEA.

• .The members of the series exposed in the North Esk between
Elginhaugh and the big loop south of Eoslin Castle are for the most
part inclined at gentle angles. They all appear to belong to the

upper portion, as remains of Upper Carboniferous plants have

been found by Mr. Tait in the following localities: on the west

bank of the Esk a third of a mile S.S.W. of Melville Castle,

on the east bank between 660 and 730 yds. S.S.W. of Melville

Castle, 100 yds. and 50 yds. below Lasswade viaduct, and a quarter

ef a mile south of Polton Station.

In the lower part of Bilston Burn about 280 ft. of., beds at

the base of the Eoslin Sandstone are laid bare with an E.S.E.

dip, at angles varying between 80° and 34°. More than half of them
are composed of yellow or reddish sandstone, intermixed with shales

and bands of fireclay. About 25 ft. above the base is a dark grey

marine limestone (Eoman cement), and about 107 ft. above that

horizon is a two-inch coal with shale containing marine fossils.

Section of the Portion of the Roslin Sandstone Series

Exposed in Bilston Burn.

Shaly fireclay, mottled
Sandy fireclay .

.

Sandstone
Gap
Sandstone
Gap
Sandstone
Blaes

Sandstone
Fakes
Sandstone
Fireclay, red and mottled

Sandstone, yellow, with red parts

Gap
Shale with rusty sandstone rtbs

Hard sandstone rib .

.

Ft. In.

.. 4
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Blaes witli ironstone nodules
Goal, impure, with Le^dodendron

Fireclay, sandy, nodular
Fakes, sandy, with plies

Hard sandy rib

Sandstone
Clay, red
Fireclay . . . . . . . . ....
Coaly shale .

.

Fireclay
Hard sandstone (forming cascade) .

.

Gap
Shale

Ironstone rib

Shale with marine fossils

Coal
Fireclay

Gap . .

Sandstone
Fireclay and sandstone
Blaes ... . . ....
Bed slaty ironstone .

.

Clay shale, pale grey and red, with plants.

.

Mottled red, white and yellow sandstone .

.

Massive yellow sandstone, pebbly .•.

Gap
Fireclay, rather pale grey . . . . o >J &.,

Bastard ironstone

Blaes
Ironstone rib with shells

Blaes
Calcareous blaes

Dark grey shaly limestone *

Dark grey clay shale .

.

Gap .,

Fireclay

Goal, slaty

Pale grey clay shale with scattered hard yellow-

weathering nodules, calcareous, increasing in numbers
towards the base

Hard rib, clayey matrix, with many close hard yellow-

weathering nodules, slightly calcareous, with some fossils

Blaes

Gap
Sandstone
Sandstone with some fakes .

.

Coarse pebbly rib with clay galls and pyrites

Sandstone
Castlecaby or No. 6 limestone.

In the upper portion of the series thin conglomerates often occur,

showing a rather coarse matrix of. yellow sandstone and many
fragments of pale grey clay, dark grey shale, coal and parrot shale,

together with occasional pieces of hard siliceous sandstone or ganister.

Most of these ingredients vary in length between J in. and 3 in.^

and are rather angular in outline. Large fragments of vein quartz,

such as frequently characterise the coarser-grained sandstone bands,

are not conspicuous. These conglomerates are sometimes 2 or 3 ft.

thick, and display indications of erosion or of local unconformity at

their base, the edges of some of the lower beds having been denuded

* See note at the end of this chapter.

Ft.
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before the overlying conglomerate was deposited. But similar

instances of local unconformity are common throughout the series

even where no conglomerate is seen. The individual beds of con-

glomerate cannot usually be traced more than a few yards. Good
examples can be seen on the east bank of the Esk about 660 yds.

S.S.W. of Melville Castle, and again on the south side of the

river, 150 yds. north of Polton House. In the former locality

two bands of conglomerate are exposed, one 3 ft. above the other,

and in the latter locality there are also two, one 10 ft. above the

other, with unusually large pieces of coal—one more than a foot long

and 6 in. thick. The bands often contain large pieces of Calamites

which seem authigenic. They do not appear to have been rolled or

derived from a pre-existing bed.

It might be supposed that the conglomerates occur near and in

connection with the palseontological break, but from the informa-

tion provided by a bore which has been put down about 70 yds.

W.S.W. of the south lodge of Melville Castle, it would appear
that all the conglomerates observed must be nearer the top than

the bottom of the series. About 200 yds. west of Hawthornden
Castle conglomerates are to be found with, pieces of pale grey clay,

as much as 3 in. long (but without any coal or dark grey shale),

which are probably not more than 150 ft. below the top of the

series.

Between Roslin Castle and the eastern entrance to the Powder
Mills, two faults are seen, and there is probably a third. One of

these, with a north-west strike, crosses the big loop south of the

Castle, and throws down the top of the series to the south-west,

perhaps 40 ft. Another, with a similar strike, but hading in the

opposite direction, makes a distinct break on the south bank of the

river a quarter of a mile slightly south of west of the Castle. It is

not accompanied with much crushing, but the amount of throw is not

known. A third fault is inferred, because the top sandstone of the

series is only a few feet above the Esk in the most southern portion

of the big loop south of the Castle, while, in a locality less than a

quarter of a mile farther north-west, we find beds of sandstone and
shale which are probably less than 200 ft. above the Castlecary

(No. 6) Limestone. The rock in the area between these two localities

is not well seen, but it shows no indication of a steep dip such as

would be required to bring in all the middle portion of the Eoslin

Sandstone series. In the workings in the Edge Coal group a little

north-west of Eoslin village, a fault has been proved striking

^.N-W., and with a downthrow to the east of 168 ft., which is

supposed to be a continuation of a dislocation crossing the Esk
near the Carpet Works.

All the strata between the Carpet Works and the exposure of the

Castlecary (No. 6) Limestone, rather more than a third of a mile slightly

west of south of Oatslie, probably belong to the lower portion of the

Eoslin Sandstone series. A coarse massive sandstone, at least 60 ft.

thick, is well seen on the east bank of the Esk, a third of a mile south-

east of Oatslie, where it appears to be resting with a very uneven
base in denuded hollows of the underlying fireclay. A little below

tlie sandstone, but on the other side of the river, a coal 8 in.

thick is seen. Some hard calcareous flaggy sandstones on the same
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horizon as those which, in the South Esk, lie between 100 and 170

ft. above Limestone No. 6, crop out below the coal, and a little below

these calcareous strata another coal about 6 in. thick is exposed.

The remains of the following plants have 'been found in beds not far

below the thick sandstone :

—

Lepidodejidron rhodeanum Stern G.

„ veltheimianum Stern C.

Calamites, several sp.

The beds in this locality are nearly flat, and the outcrops of

Limestone No. 6 and the lowest coal are almost on the same level,

from which it may be inferred that these two outcrops are separated

by a fault with a downthrow to the north-east. Perhaps this

dislocation is a continuation or branch of the Vogrie fault which

skirts the southern margin of the coal basin.

C.T. c, J. s. G. w.

PENICUIK AREA.

The northern portion of the area of Eoslin Sandstone, which lies

to the south of Penicuik, occupies one of the minor troughs due to

the system of shallow folds into which the strata in this part of the

district have been thrown.

The northern end of this syncline is cut off by an E.S.E. and N.W.
fault, which crosses the river Esk at the Valleyfield Paper Mills and
has been proved in several bores in the ground farther to the east

and west. The fault has a downthrow to south and brings the sand-

stones against the rocks of the Upper Limestone group in the river.

The western boundary of the sandstone is also shifted a few
hundred yards to the south by the fault which crosses the Esk and
the Hare Burn.

A good section of the sandstones is exposed in the steep southern

bank of the Esk in South Bank Wood, where thick-bedded white, grey

and reddish gritty sandstones and pebbly bands, with intercalations

of thin fakes and purplish sandy shales, dip east at 15° to 20°. A
short distance lower down in the series there is a curious bed of

fragmental rock made up of angular stones derived from volcanic

'material, in a sandy matrix. A similar rock is found in the Hare
Burn, associated with pebbly grits and friable yellow sandstones.

The journal of a bore put down through the Eoslin Sandstone at

a point in the Hare Burn, exactly one mile above Hare Burn
Bridge, gives 79 fms. of sandstones and fakes above the highest

limestone (No. 6), with a 1-ft. seam of foul coal at 53 fms.

L. w. H.

GAREINGTON, NEWTONGEANGE AND SMEATON ABBA.

Excellent sections occur in the lower part of the series in the

South Esk, for a quarter of a mile below, and about a mile above, the

junction with Gore Water, but some of the beds are very inconstant

in thickness. Eather more than a third of a mile south of the junction

of the Esk and the Gore Water, a W.N.W. fault, which has a consider-

able downthrow to the south, crosses the Esk at Shank, but the beds
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On either side of the fault cannot be correlated with confidence,

sections on both sides are given below, in descending order :

—

The

Section in the South Esk on the North Side of the Shank Fault.

Flaggy sandstone •

Mottled red and buff impure clay with rootlets

Hard irony sandstone.

.

Mottled red and yellow sandy clay.

.

Soft flaggy red and yellow sandstone
Massive soft yellow sandstone

Ft. In.

Fireclay, pale grey
Purple and red snale with fish remains at the base

Fireclay: ...
Red and yellow flaggy sandstone with rootlets

Sandy nodular clay, pale grey and red, with rootlets

Flaggy yellow sandstone with rootlets and many Upper
Carboniferous plant remains

Purple or greenish shale with fish remains in the lower part

Soft yellow false-bedded massive sandstone with remains

of tree stems
Purple-red shale

Gap
Nodular red and yellow limestone with corals and

other fossils .

.

Mottled red and yellow fireclay

Soft yellow sandstone .

.

Soft mottled sandstone, red, yellow, lilac, etc,

Flaggy sandstones and sandy clays .

.

Dark grey shales and thin flaggy hard calcareous sandstones

Coal streak

Pale grey fireclay

Massive soft yellow sandstone

Dark grey shale

Pale grey fireclay

Gap
Massive yellowsandstone
Dark grey shale

Gap . . ; . . . i

Pale grey fireclay

Soft massive sandstone, yellow, purple or white .

Dark grey shale with some thin ironstone courses

Castlecart or No. 6 limestone.

1

3

2
18

9
2

2

1

3

1

5

72
1

9

2

13
2

49
13
12

5

7

2
10
8

7

20
2

45
35

6
9
3

6
9

6

0-

6
6

04

6
6

0-

367 : Z^,

The remains of Upper Carboniferous plants and fishes which

were collected from a flaggy sandstone and a purple shale near the

top, are as follows :

—

Pleuroplax attheyi (Barhas).

„ rankinei (H. & A.).

Rhadinichthys monensis (Egerton).

Lepidodendron obovatum Sternb.

„ aculeatum Sternb.

Cf . Sigillaria sillimanni Brongt.

Clathrate Sigillaria or Lepidophloios.

Lepidostrobus.
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Section in the South Esk on the South Side of the Shank Fault

Et In.

Sandstone.
Shale (?)2

Flaggy sandstone . . . . . . . . . . .

.

6

Dark grey shale, basal part with Lepidodendron glincanum 16

Purple and dark grey shale 5

Grey and buff fireclay '.. 4
Massive yellow and red sandstone . . . . . . .

.

19

Gap 2 6

Pale grey fireclay . . . . . . . . . . .

.

2 6

Brown and yellow massive sandstone , . . . . .

.

42

Pale grey and red mottled fireclay 16

Red calcareous impure ironstone with sphserosiderite .

.

2

Mottled yellow and red fireclay . . . . . . .

.

8 6

Massive soft white and deep red false-bedded sandstone.

.

62

Flaggy purple and grey sandstone . . . . . . .

.

10
YeUow and red sandstone . . . . . . 3

Gap, including supposed .position of a marine ironstone

visible in an adjoining section farther south * . . .

.

10

Yellow and white sandstone . . . . . . . . .

.

2

Pale grey fireclay . . . . . . . . . . .

.

5

Gap .. 24 6

Yellow sandstone . . . . . . . . . . .

.

10
Pale grey fireclay . . . . . . . . . .

.

1

Yellow sandstone . . . . . . . . . . .

.

5

Dark purple shale .. .. .. .. .. .. 5

Calcareous hard flaggy sandstone . . . . . . .

.

6

Bhale 4

Black carbonaceous shale or smut . . . . . . .

.

4

Purple and pale grey shale and shaly fireclay . . .

.

10

Yellow sandstone . . . . . . . . . . .

.

10
Gap .. 43

Calcareous sandstone with Orthotetid shell . . .

.

3 6

Shale 2

Calcareous sandstone with Orthotetid shell . . .

.

1 6

Shale .. .. .. .. 39

Castlbcary or No. 6 limestone.

The shale which contains Lepidodendronglincanum contains also

—

Calamites ramifer Kidston. -

Lepidostrobus variabilis L. & H.
Lepidodendron gaudryi Renault.

Lepidophloios.

Stigmaria ficoides Brongt.

Productus sp.

Of. Anthracomya valenciensis B. Eth., Jun.
Rhizodopsis sp.

The estimated interval—232 ft.—between Limestone No. 6 and
the higher marine limestone in the first section is greater than that

between Limestone No. 6 and the supposed position of the marine
shale and ironstone in the second section, which is estimated at 150 ft.

The higher limestone has only been seen in one place, and the

ironstone does not occur in all the localities where it might naturally

be expected, but these two beds may probably be on the same
horizon. On the N.N.E. side of the fault, the interval between

the marine limestone referred to and the plant bed with Upper
Carboniferous forms is about 89 ft., while on the S.S.W. side the

interval between the ironstone and the plant bed which contains

Lepidodendron glincanum is about 177 ft.

* See note at the end of this chapter,-
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If we consider merely the relations of the plant beds to Limestone
No. 6 without correlating the marine limestone and ironstone, we
find that the bed that contains the undoubted Upper Carboniferous

assemblage is about 322 ft. above this limestone, while the band
with Zepidodendron glincanum is 326 ft. above that horizon.

At the top of the Lady Victoria shaft, Newtongrange, a thickness

of about 110 ft. of the lower part of ' the series is passed through,

about half of which consists of shale. ' A coal, 7 in. thick, is

pierced about 95 ft. above Limestone No. 6, and probably corresponds
to one of the coal smuts in the South Esk.

In the railway cutting a third of a mile south-east of Smeaton
Station, various beds which seem to belong to this series are exposed
on the south side of a sandstone quarry, but it is probable that a

fault passes in a nearly east and west direction between the quarry
and the cutting. Among the beds in the cutting we find an impure
limestone, 3 ft. thick, containing crinoids and Alveolites depressa,

which is considered to be on the same horizon as the marine limestone

in the South Esk, and the equivalent of the lowest of the calcareous

horizons—which also contains Alveolites depressa—in the Eoslin

Sandstone series on the east side of Port Seton harbour (one-inch

map 33). Just below this limestone there is a grey shale, and about
70 ft. farther down comes a similar bed containing calcareous

nodules and marine fossils, which is underlain by a coal about
a foot thick. ' c. T. c.

MUSSELBURGH AKBA.

On the shore at Musselburgh the low angle of dip and the false-

bedded character of the sandstones do not permit accurate or de-

tailed measurements, but the following approximate thicknesses may
be given. The Six-foot Coal is underlain by false-bedded sand-

stones and shales about 100 ft. thick, and these in turn by about

25 ft. of shales with an ironstone band containing marine fossils,

while at the base an impure coal yields plants of Upper Carboniferous

age. Descending in the series, we find next in order a coarse grit,

about 100 ft. thick, forming Westpans Eocks, which contains near

the summit a specimen of Lepidodendron veltheimianum, visible at

low water. The grit is underlain by shales and thin grits perhaps

about 60 ft. thick. At the top the marly shales are mottled and
contain marine fossils, and near the, base a shale yields plants

(Plant Bed No. 1 in 6-in. Sheet Edin. 4 N.W.) of Lower Carboniferous

species. A little distance above this plant zone a limestone band
contains numerous marine fossils.

-At the east side of Westpans Eocks there are some interesting

cases of falsp-bedding in thin lenticular sandy shales, in which the

more sandy laminae are arranged in a succession of minute sharp

curves with axial planes lying at gentle angles to the horizon and
nearly parallel to one another. In some beds the minor laminae

are also crossed by a number of parallel planes, along which there

seems evidence of slight displacement, and which are almost pairallel

to the axiaL planes of.,the curves alluded ta It might,be suggested

that the minor laminae are hem fcrossed by, a set of cleaVage planes

or strain slips, and that they are probably parallel to some obscure
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thrust planes. But no planes of movement have been detected in

the neighbourhood, and there is no perceptible crushing or shearing

in the rocks. It is obvious that the curves and planes of displace-

ment were formed before the overlying rocks were deposited, and
before the beds affected were consolidated. Perhaps a series of

sliding motions or " creeps " down a gentle slope may have caused

certain beds to be folded and broken while they were still in a soft

condition. c. T. c, w. G.

NOTE ON THE LAMELLIBEANCH FAUNA FROM THE
MILLSTONE GRIT.

The beds marked with an asterisk on pp. 247 and 251 yielded to Mr. Tait the
remarkable assemblage of lamellibranchs referred to on pp. 52 and 53, Chapter VI.



CHAPTER XIII.

THE COAL MEASURES OF THE MID-LOTHIAN BASIN.

In the south part of the Mid-Lothian Tbasin the base of the Coal

Measures is drawn below the fireclay seat of the Jenny
Meggat Coal, which is the first seam above the barren Eoslin

Sandstones. In the north part, it is also drawn below the seat

of the first coal overlying the Millstone Grit, which, in the neigh-

bourhood of Joppa, is the Seven-foot Coal, and near Cowpits, the

Six-foot Seam.
Near Hawthornden the Jenny Meggat Coal is about 130 ft.

below the Parrot Eough seam, and, one or two feet above the latter

horizon, a band of shale and ironstone charged with the lamelli-

branch, Carhonicola rdbusta, has been detected in some localities, but

not as yet at Whitehill. This band was lately found by Mr. Gibson,

but it was known to the late Mr. James Bennie of the Geological

Survey many years ago. A similar fossiliferous band occurs above
the Fifteen-foot Coal of Joppa, and has been found by Mr. Tait

above the same coal in the New CraighaU Pit* and also above

the lowest coal in the little basin of Coal Measures at Port Seton.

It is also stated by Mr. Milne f that a band of fossil shells

occurs above the Three-foot Coal of Cowpits. In all these places

the bands are believed to be on the same geological horizon,

though the intervals that separate this horizon from the line

mapped as the top of the Eoslin Sandstone series vary greatly in

thickness, t

This variation is shown by the following tabular statement :

—

Ft.

Supposed approximate distance at Brunstane, Joppa . . .

.

215

„ „ in a " crosscut " at New CraighaU 171

„ „ on Joppa shore . . . . .

.

150

„ „ at Whitehill 136

„ „ at Port Seton 38

„ „ at Cowpits . . . . . . .

.

30

At Brunstane and on Joppa shore three thick coals occur in the

interval, at Cowpits two, at Port Seton only one, about a foot thick,

but it is noteworthy that the last of these contains a seam of Parrot,

* Op. cit. p. 18.

t Dr. Wheelton Hind has examined the specimens from this pit and finds both

Carhonicola robusta and C. acuta,

t Since the above paragraph was written, Mr. E. Martin, formerly Manager of

Niddrie Colliery, has inferred from recent mining exploration tliat the Three-foot Coal

of Cowpits corresponds to the Nine-foot of NeW CraighaU, not the Fifteen-foot. At
New CraighaU the Nine-foot Seam is 18 or 19 ft. above the Fifteen-foot. Should Mr.

Martin's correlation be definitely established, it would seem possible that Mr. MUne'a
information was incorrect, and that the band of fossil sheUs referred to by him
occurred above the Six-foot Coal of Cowpits, not the Three-foot. At Cowpits the

Six-foot Seam is onlyS9ift. below the Three-foot.
2U
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like the Parrot Eough Coal, of Whitehijl' and Polton. The great

thickness at Brunstane seems largely due to the presence of a thick

red sandstone, 100 ft. thick, which lies immediately below the

Fifteen-foot Coal. .

The Coal Measures of this district may be conveniently divided

into two groups. The upper one, amounting to 500 or 600 ft. in

thickness, contains no workable coals, and probably corresponds to

the Eed Measures of Fifeshire, which have: been correlated with, the

iliddle Goal Measures of England. Its base line has been drawn
in the Dalkeith district at the top of a marine bed, to be subsequently

described. These upper beds occupy an area, less than a square mile

in extent, on the north side of the Sheriffihall fault, and in the central

and northern parts of this area they generally dip south, so that the

underlying measures emerge from below them a little above the

junction of the North and South Esk.

It is probable that the lower part of the same barren beds recurs

at the northern end of the coal basin near Musselburgh, but its

outcrop here is entirely hidden beneath raised beach materials and
drift.

The lower or coal-bearing group of the Coal Measures underlying
these, red barren: strata may be, arranged in two subdivisions j (1) an
upper or Craighall set of coals, which do not occur on the south side

of the Sheriffhall fault
; (2) a lower set, which in the north-western

part of the basin are often called the Brunstane Coals, and on the

north-eastern side the Cowpits Coals. These two groups of coals are

separated by about 200 ft. of strata, in which no thick coal, or only
one—the Golden Coal *—appears to occur.

In the neighbourhood of Joppa and Craighall the total thickness

of all the coals exceeding 23 in. in both these groups appears to be
about 68 ft. It is believed, as already indicated, that the Fifteen-

foot or Ell Coal of Joppa and Mddrie corresponds to the Parrot
Eough of Whitehill, or perhaps to the Parrot Eough and Jewel
combined. The Mne-foot may correspond to the Sphnt of White-
hill, and Salters to the Great Seam, but the last correlation is

doubtful, as the Great Seam appears to be only from 1 to 15 in.

thick at Elginhaugh and Eskbank. The total thickness of the lower
seams, counting downwards from the top of the Great or Salters, is

greater in the northern . part of the basin than in the southern. In
the New Craighall Colliery, Niddrie, in a crosscut from the Four-
foot to Salters seam, the collective thickness of the Salters, Nine-
foot, Fifteen-foot and Four-foot seams is estimated to be about 21 ft.,

and the total thickness of these together with the Seven-foot Coal is,

in this locality, probably about 26 ft. In the Whitehill winding
shaft the collective thickness of the Great Seam and the lower coals

is about 18 ft., and there is probably a lower coal—the Jenny
Meggat—about 18 in. thick.

Many coarse false-bedded grits occur within the Coal Measures,
parts of which are often of a reddish colour and have a considerable
resemblance to certain members of the Eoslin Sandstone series. A
bed of this character lies immediately below the Jewel Coal of

* Mr. Milne (op. cit.) places this coal about 40 ft. below the Jewel Seam, ancl
gives its thickness at various places on the west side of the basin. In the new Woolmet
pit it is 16 ft. below the Jewel Coal,
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Whitehill—and thus not far above the top of the Eoslin Sandstone—

r

a Jsecond, often called the " Eough Coal post," just below the

Great Seam, a third, which is well seen in the part of Dalhousie

Burn below Cockpen Church, some distance above the Great Seam,
and others in the still higher measures in Dalkeith Park.

A few thin bands of impure limestone have, been fouud on
different horizons, all of which are above the position of the Great
Seam. Some of them are compact and slightly argillaceous, and are

associated with red or purple shales, but one, which is taken as the

top of the Lower Coal Measures, is partly of marine origin and con-

tains remains of Spirifer.

The general lithological character of the grey shales differs to

some extent from that of the shales in the underlying Edge Coal

group, being rather less sandy and less micaceous. The sandstones
in the Coal Measures, on the other hand, are perhaps as a rule rather

less mixed with shaly material than the arenaceous beds in the Edge
Coal group. These features are not, however, sufficiently persistent

to be of much value by themselves for purposes of differentiation.

It is by means of the fossil flora and fish fauna that these two coal-

bearing divisions of the Carboniferous system can be distinguished

with confidence. The moUusca are less numerous and do not

always afford a decisive test (see p. 221). c. T. c, w. a.

I. LowEK Coal Measuees.

JOPPA, NEW CEAIGHALL, MUSSBLBUKGH AND WOOLMET FIELDS.

Most of the measures extending from the base of the group up
to the Greymeeham Coal are exposed on the shore at Joppa (see

Plate VII.), but the coal outcrops are, as a rule, concealed under

sand. The position of the Pifteen-foot Seam is determined by a

band of ironstone nodules, containing large specimens of Carhonicola

roiusta, which has been found to overlie this horizon in many
portions of the coal-field (see p. 254).

The seams all occur towards the middle of the basin, and are

consequently much less inclined than those of the Edge Coal group.

The following inclinations in the Ell (or Fifteen-foot) Coal occur

in the New Craighall Collieries—on the 450 ft. (below Ordnance

Datum) level, 25° to 32° ; on the 600 ft. level, 14° to 22° ; and on

the 800 ft. level, 15°.

On the 450 ft. level the Ell Coal has the following composition :

—

Ell Goal—New Craighall Collieries.

Ft. In.

Pelt 7

Coal 2 U
Fireclay 2 9

Coal 3 6

The following section gives the thicknesses of the coals at Joppa,

as well as of the intermediate strata ;

—



Jofpa and Niddrie Fields.

Section of the Brunstane Coals at Joppa.

257

Coal (Gretmbcham)
Sandstone

Coal • • "1

Fireclay ISaltbrs
Coal . . J

Sandstone and shale .

.

Fireclay
Coal • • 1

Fireclay V Nine-foot
Coal . . j

Shale
Coal, Fifteen-foot

Red sandstone .

.

Fireclay

Sandstone and shale .

.

Coal, Four-foot .

.

Fireclay

Sandstone
Fireclay with ironstone

Sandstone
Coal • )

Fireclay I

Coal . . j- Seven-foot
Fireclay I

Coal . . '

Fireclay

It may be observed that the thicknesses of the coals, etc., given
in the above section are considerably greater than those calculated

from the information obtained respecting the beds in a cross cut
mine, driven from the Four-foot Coal to the Salters Seam in the
New Craighall Colliery, Niddrie, from which the following vertical

section has been constructed :

—

Ft.
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Ft. In.

Fakes .

.

Sandstone
Blaea

Four-foot Coal

The " mussels " referred to in this section consist of Carbonicola

robusta and Carbonicola acuta, as already stated, and the following

more detailed section, measured by Mr. Tait, shows more exactly

the stratigraphical relations of the shale that contains them :

—

Brought forward
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Fireclay .

.

Coal .

.

Fireclay .

.

Sandstoue.

.

Coal .

.

Various strata

Coal .

.

Fireclay .

.

Coal .

.

Various strata

Coal .

.

Various strata

Sandstone .

.

CowpiTS LiiTLB Splint Coal
Various strata

Coal
Fireclay .

.

Sandstone .

.

Coal .

.

Fireclay .

.

Coal .

.

Pelt

Fireclay and blaes

CowpiTS Five-foot Coal
Fireclay .

.

Grey sandstone .

.

Blaes

Qdarrt Coal .

.

Strata

Glass or Geeymecham Coal
Strata

Barrs or Salters Coal
Strata

Nine-foot Seam
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The shale bed above the Splint seam is said to contain a bed
of mussels (probably Garbonicola).

At Olive Bank, Musselburgh, the Splint Seam of Crfiighall

occurs at a depth of about 615 ft. below the surface, and is overlain

by 529 ft. of solid rocks. The journal of one of two adjacent

borings shows a mussel (presumably Garbonicola) rib, an. inch thick,

immediately above this coal, but no such rib appears to have been
found in the workings. In the journal of No. 1 Bore two thin

beds of kingle are recorded, the top band being 210 ft. beneath the
surface and another nearly 4 ft. below this band. It seems possible

that these kingle beds correspond to the impure marine limestone
which has been taken as the top of the Lower Coal Measures at

Dalkeith, though the journal shows no coals near them which
might correspond to the two coals beneath the impure limestone

referred to. The top coal shown in the journal is 401 ft. beneath
the surface, and only an inch thick. About 3 ft. farther down
there is a dirty coal, 2 ft. 8 in. thick. w. G., E. B. b.

SMEATON, COWPITS AND PINKIE FIELDS.

At Cowpits, on the east side of the Coal Basin, the section is

reported to be as shown below in descending order :

—

Goal, Little Splint
Sandstone and shale

Coal
Sandstone and shale

Coal
Sandstone and shale

Coal, Fivb-foot
Shale with sandstone

Coal, Quarrt. .

Sandstone .

.

Coal, Glass .

.

Sandstone and shale
Coal, Bares .

.

Sandstone and shale

Coal, Thrbe-poot
Shale

Coal, Six-peet
Fireclay .

.

Ft.
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with a downthrow of 5 fms. to the south and the other of 6 fms. to

the north. South of tlie latter fracture the coals continue without
interruption to Midfield where they are thrown down 7 fms, to the

north by a W.N.W. fault. Half a mile farther south they are

again intersected by a large fault with a downthrow to the south-

west, which strikes nearly north-west and passes a little south of

Carberry Tower. At Cowpits its amount of downthrow is said to

be 16 fms., but it must increase eastwards as it shifts the base of the

Coal Measures more than half a mile to the east. Hence we find

near Carberry the basal beds of the Coal Measures in contact with the

Upper Limestone group.

The Dean Pit was formerly in operation about a quarter of a mile
west of Carberry Tower, and it is clear that the two seams—one
measuring 3 ft. 6 in. and the other 5 ft.—which were there worked,
belong to the Coal Measures. At least three outcrops of coals occur
in the Dean a short distance south-west of the pit and north-east of

Smeaton Station, and from a bed exposed in the Dean Mr. Tait has
collected remains of fish scales which Dr. Traquair has named
Ooslacanthus elegans, a fossil fish which has never been found below
the Coal Measures.

The conclusion that the Dean Coals belong to the Coal Measures
is confirmed by information provided by a bore, put down about 500
yds. north of Smeaton Farm, which pierced 440 ft. of strata with many
coals without reaching the barren Roslin Sandstone series. Judging
from the adjacent exposures the dip in the bore is not likely to be
more than 15°, and on this supposition there is not space for this

barren series to intervene between the probable outcrops of the beds
found at the bottom of the bore and the Dean. Hence the coals in

the Dean section cannot belong to the Upper Limestone yroup aa

was formerly supposed.

Close to Smeaton Station a soft coarse-grained sandstone is

exposed which has considerable resemblance to some members of the
Eoslin Sandstone, but if it does belong to this series, a large fault

with downthrow to north must occur between it and the Dean.
In the journal of a bore put down 330 yds. south-west of Smeaton

Farm, a coal met at a depth of about 201 ft. is recorded as probably
Barrs Coal. If this correlation be correct, then the coarse sandstone
just referred to must be within the Roslin Sandstone series. But
this correlation seems very doubtful. For in the burn, 150 yds.

W.N.W. of Smeaton Farm, remains of ferns, including

Alethopteris decurrens and Neuropteris heteropTiylla, have been
obtained from a band of shale which there forms the roof of an
eight-inch coal. Mr. Tait has not found Alethopteris. decurrens any-
where else in Mid-Lothian so low down as this shale must be if the

above correlation be correct. It was not found at Whitehill or

Polton . Collieries, but above the Splint Coal (of Craighall), in the

Olive Bank sinking, and 170 yds. N.N.E. of Smeaton Lodge, in a

bed on a considerably higher horizon than the shale referred to.

It is interesting to notice also that, according to Dr. Kidston,*
Alethopteris decurrens does not, like A. lonchitica, extend down into

the Millstone Grit of England.

* " On the VariouB Divisions of British Carboniferous Rocks as Determined by
their Fossil Flora," Pre*. Addaress, Boy. Phyi. Soc. Edin., 1893, vol. xii. p. 244.
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Kather more than 100 yds. south of the bore last mentioned an
important fault was met in the Splint Seam in the old Smeaton
Colliery, which formed the northern boundary of the workings. The
direction is W.iN'.W., the downthrow is to the south and sup-

posed to be large, but the exact amount is not known. It is uncer-

tain where this fracture intersects the Esk. It may cross about 400
yds. north-east of the junction of the North and the South Esk, and
continue thence to a fault proved near Newton House, in the centre

of the basin, which has there a downthrow to the south of 6 fms.

But a dislocation, hading to the south and with a considerable throw,

certainly crosses the Esk at a point 600 yds. N.N.E. of the
junction, and would, if prolonged in an easterly direction, come very
near the fault proved in the workings.

The following section gives the thicknesses of the different beds
at Smeaton and the adjoining district :

—

Section of the Upper Ch-oup of Goals at Smeaton and Dalkeith.
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Acanthodopsis wardi H. <k A.
Megaliohthya hibberti Ag.
Ehizodopsis sauroides {Williamson).

Strepsodus suloidens {Atthey).

Coelacanthus elegans Newb.
Ctenodus.

A similar list of fish remains from this locality, said to be from
the roof shale of the Jewel, has previously been published by Dr.

Traquair.* It is stated by Hugh Miller f that he was shown by Mr.
Cadell the casts of some remarkable reptilian footprints in the roof of

one of the coal seams in the old Smeaton Colliery, but the horizon of

this seam is not known.
It is difficult to understand the physical disposition of the

Smeaton Coals in relation to the measures above them. In the

old mining plans a level course in the Beefie Seam proceeds in a

direction slightly west of north, though the overlying beds in the

South Esk, hardly a quarter of a mile farther west, are striking

nearly east and west.

The Old Smeaton workings are bounded on the south-east side by
a large fault, passing, in the Jewel seam, about 500 yds. north of

Cowdenfoot. This dislocation is generally supposed to have a large

downthrow to the east, perhaps as much as 500 ft., and it seems

probable that it is a continuation of part of the Sheriffhall fault.

The beds on the south-east side have been explored by various

bores, and include a series of coals which are supposed to belong

to the Cowpits series.

Farther south near Cowdenfoot these beds are probably traversed

by two faults, each with a downthrow to the north. The more
southerly one runs east and west a little south of Cowden Cleugh
and has for many years been regarded as the prolongation of the

Sheriffhall fault, but recent borings near the head of the Cleugh

show that its throw there is not large. The other dislocation,

to the north, is inferred from the details of a bore put down 300
yds. north-east of Cowdenfoot and from the outcrops at the western

end of the Cleugh. From the boring information it would appear

that the top of the Eoslin Sandstone series is not likely to outcrop

west of a certain line, between which and the beds at the western end
of the Cleugh there is not sufficient room for the whole succession

of the Roslin Sandstone. It is therefore supposed that a fault

passes between the bore and the Cleugh. Certain boring operations

lately carried on by Mr. E. T. Moore, who has kindly communicated
the details, have proved that the ground a little north-east of

Langside Head is considerably troubled, and perhaps the supposed
fault near " Cowdenfoot may continue through the troubled area,

though it cannot have a large throw in that locality.

A marine calcareous horizon, often two or three feet thick, which
crosses the North Esk about a quarter of a mile above the junction

of the North and South Esk, and the South Esk about 230 yds.

above the same point, is taken as the top of the Lower Coal

Measures. Some of the calcareous seams and lenticles in this

horizon are slightly carbonaceous, while others are composed of

*0p. ««., p. 697.

t
" The Testimony of the Books," 1887 ed., pp. 72-73, and " Edinburgh and its

Neighbourhood," 1870, p. 80.
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compact grey or buff limestone and show " cone-in-cone " structure.

The following fossils, determined by Dr. Lee, have been found in

this zone:

—

Spirifer ap. indet.

Chonetes sp. indet.

„ a£f laguessiana de Kon.
Productua longispinus J. Sow.
Pleuronautilus costatus Hind.
Orthoceras sp. indet.

It may be mentioned that very near the above marine horizon

Mr. Tait has also collected the following fish remains, which have
been named by Dr. Traquair:

—

Pleuroplax attheyi (Barkas).

Elonichthya aitkeni Traq.

Acanthodes sp.

The above fishes are of estuarine types and must have been
obtained from a position slightly different from that of the marine
fossils.

In reference to the marine fossils Dr. Lee has supplied the

following note:

—

" The specimen referred to Productus longispinus J. Sow. seems

to differ in no way, so far as its external characters are concerned,

from the common Carboniferous Limestone form. This observation,

however, is quite in accordance with what has been observed in

regions where marine conditions prevailed during Upper Car-

boniferous times, as for instance in Eussia. The typical specimens of

Productus longispinus found in the Middle and Upper Carboniferous

beds of that country show that the species is to be considered as a

persistent one, hence its presence here in an unmodified form.

Pleuronautilus costatus Hind is represented by a large, but im-

perfect, specimen. The specific characters are, however, so clearly

exhibited that the fossil can safely be referred to this species, which
was founded by Dr. Wheelton Hind on specimens obtained in the

North Staffordshire Coal-field, below the Gin-Mine Coal." *

This marine horizon at Dalkeith may possibly be in the same
position as that found near the top of the Lower Coal Measures of

Fife.f The general aspect of the strata changes below this zone, for

they bear a great resemblance to the productive measures below.

First we find a coal from 8 to 13 in. thick, with a grey fireclay

seat, and about 36 ft. farther down there is another seam from 11

to 15 in. thick.

A grey clay on the east side of the South Esk, a few feet below
the probable position of the lower of these two coals, contains Zeaia
or Estheria and remains of the following plants determined by Dr.

Kidston :

—

Eremopteris artemissefolia {Stervh.).

Sphenopteris obtusiloba Brongt.

Neuropteris gigantea Sternl.

Carpolithus perpusillus Lesqx.

Samaropsis sp.

* " On the Palaeontology of the Marine Bands in the Coal Measures," Qvarl. Jour.

Oeol. Soe., 1905, vol. Ixi. p. 640.

t
" The Geology of Central and Western Fife and Kinross," Mem. Geol. Sur.,

p. 147. See also Mr. James W. Kirkby, " On the Ooourrence of Marine Fossils in the
Coal Measures of Fife," Quart. Jovr. Oeol. Soc., 1888, vol. xliv. p. 747.
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All these plants are said to be common to the Lower and Middle
Coal Measures, and they are found again in clay shales, which must
be on a much lower horizon, just above the level of the Esk on the

west side about 300 yds. south-west of Smeaton Bridge. The full

list of organic remains which have been collected from the latter

locality is given below :

—

Eremopteris artemisaefolia (Sternb.).

Sphenopteris obtusiloba Brongt.

Neuropteris acuminata {Schoth.).

„ gigantea Sternb.

„ heterophylla Brongt.

Calamites.

Sigillaria.

Leaia leidyi {Lea).

A little above the clay shale just referred to comes a sand-

stone, 2 ft. thick, in which Mr. Tait observed, in a space 12 ft.

long, no less than nine or ten erect Calamites, most of them about
half an inch broad and a foot or more in length. It may reasonably

be inferred that the process of sedimentation was very gentle and at

the same time rapid, so as to permit of these plants being entombed
in an erect position.

About 50 yds. below the junction of the North and South Esk
and in stratigraphical position perhaps about 170 ft. below the

marine limestone with Spirifer, we find a thin carbonaceous lime-

stone, about a foot thick, underlaid by a fireclay and a flaggy yellow
sandstone which is probably more than 60 ft. thick. Near the base

of this sandstone a bore has been put down to a depth of 205 ft.

without reaching any coal, so that the distance between the Spirifer

limestone and the Splint Coal (of Craighall) is probably not less than
440 ft. in this locality. o. t. c, e. m. a.

COAL-FIELD SOUTH OF THE SHEEIFFHALL FAULT.

The Glenesk, Polton and Whitehill pits, active in 1903, are

all shallow and working in beds which are nearly flat or lying at

gentle angles and but little disturbed by faults. The centre of the

basin in the Whitehill Colliery Ues about 630 yds. slightly south
of east of the winding shaft, and the Splint Coal in this locality

is at a depth of 417 ft. beneath the surface. In Polton Colliery

the centre is about 666 yds. slightly south of west of the winding
shaft.

The following tables give in an abbreviated form the sections of

the shafts at Whitehill and Polton Collieries :

—

Section at Whitehill Colliery, Rosewell.

Strata, chiefly sandstone
Cbow Coal

Strata

Coal
Strata

Coal .

.

Strata including two tMn Coals
Geeat Seam Coal

Fireclay and blaes, etc

Ft.



266 Coal Measures of Mid-Lothian Basin.

Sandstone, "Rough Coal Post

"

Soft white blaes .

.

Rough Coal .

.

Fireclay and blaes

Sandstone.

.

Splint Coal .

.

Strata

Paerot RouaH Coal .

.

Strata
Jewel Coal .

.

Ft. In.

Section in Polton Colliery, Bonnyrigg.

Soft sandstone

Soft sandstone
Blaes and bands
Brown sandstone
Alternating strata

Coarse white sandstone
Coal

Fireclay .

.

Coarse white sandstone
Coal and blaes"!

*^°^
Bla^s 1

^^^^^ S^^
Coal . . J

White sandstone .

.

Rough Coal .

.

Strata

Splint Coal .

.

Strata

Paebot Rough Coal. .

Blaes

Jewel Coal .

.

Fireclay .

.

Hard rook*
Blaes
Hard rook.

.

In the Whitehill Colliery a " blind " pit was sunk to a depth of

74 ft. below the Jewel Seam in search of the Jenny Meggat Coal,

reputed to have been formerly worked and found of good quality.

No workable coal was found, but it is clear, from the natural section

in one of the little streams which runs into the North Esk from the

south-east side near Eoslin Castle, that a coal, 18 in. thick, of

good quality, occurs at a greater depth—perhaps between 100 and
125 ft.—below the Jewel Seam. It there rests on a few feet of

shaly fireclay overlying a thick coarse sandstone—the top bed of

the Eoslin Sandstone series—and probably corresponds to the lower

of the two Melville Coals, which is said to have been formerly

worked near Elginhaugh.

The section between the Jewel and the lower coal just mentioned
comprises in its lower part a considerable proportion of fireclay and
shaly clay often with ironstone nodules. In the upper part, just

below the seat of the Jewel Coal, a massive coarse sandstone appears
which has a considerable resemblance to the top bed of the Eoslin

Sandstone series. In places it is 40 ft. thick and seems persistent

* Probably sandstone.

34
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on the west side of the basin, being seen at the Broomieknowe
railway cutting, near Elginhaugh, and close to Eoslin. Castle. It

lies under the Broomieknowe railway bridge and is also quarried

on the south side of the line near this bridge, so that it may be

conveniently called the Broomieknowe Sandstone.

The beds a little above the Eoslin Sandstone are exposed in

the southern bank of the Esk in the large bend south of Eoslin

Castle. No coal is seen resting on the sandstone in this locality,

but it is possible that a seam may occur there hidden under the

talus below a steep slope of clay shale, in which Mr. Tait found, at

a height of about 20 ft. above the line taken as the top of the

Eoslin Sandstone series (Millstone Grit), a band containing a few
specimens of Edmondia.

Several thin coals generally occur a little beneath the Broomie-

knowe Sandstone. The lowest of these—perhaps on the average

about 30 ft. below the sandstone—is underlain by an impure black-

band ironstone from 2 to 5 in. thick, in which the ironstone

portions appear in small irregular lumps and streaks, giving the

rock a brecciated aspect.

Several of the beds—^including the Splint Coal, the rough portions

of the Parrot Eough, the Jewel Coal and one of the thin coals

under the latter—which are exposed in the Broomieknowe cutting,

have been found by Mr. James Bennie and Dr. E. Kidston to contain

spores of Lycopods.*

The Jewel Coal has not been found in good condition in the

collieries on the Eosebery Estate, west of the main Whitehill

workings, and it seems entirely absent in many places. As the

Jewel and the Parrot Eough often occur within 4 or 5 ft. of each

other it is usually unsuitable to work both seams; the former is

generally mined on account of its superior quality.

In the Whitehill shaft section the Eough Coal is separated from
the "Eough Coal post" by 18 in. of blaes, but in the Polton shaft

section and in exposures near Elginhaugh and Newbattle Abbey
the two are in direct contact.

Near Elginhaugh, the lower portion of the Coal Measures is

laid bare. The section displays the Jewel Coal, the Parrot Eough,
Splint and Eough Seams and a higher coal which is separated from
the Eough Seam by about 30 ft. of massive yellow sandstone—no
doubt " the Eough Coal post "—and some fireclay. Of the highest

coal only 15 in. is visible, but it seems probable that it corresponds

to the Great Seam of Whitehill, as at Polton Colliery this seam is

much mixed with shale and too poor in quality to be worked, and
in two bore holes near Glenesk it is represented by a thin coal only
from 1 to 4 in. thick.

The Jewel Coal is not now exposed in the North Esk, but its

position is known, and it is seen at the entrance of an old day-level,

a short distance south of the river, where it is about 33 in. thick

and lies a little above a massive, rather coarse sandstone—the
Broomieknowe Sandstone.

The Parrot Eough Coal at Elginhaugh is about 4 ft. thick,

and in the middle includes a 7-in. seam of parrot shale which

* " On the Occurrence of Spores in the Carboniferous Formation of Scotland,"
Proc. Roy. Phys. Soe. Edin., voL ix. p. 82.
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is very persistent in the southern part of the basin, being seen at

Newbattle Abbey and Broomieknowe, as well as in the Polton and
Whitehill Collieries. This shale was formerly used as an oil

producer and was sent to the Edinburgh gas works ; it is still used

in the Eosewell gas works.

In the shale a little above the Parrot Eough seam we often find,

as already stated, a band of ironstone nodules containing remains of

Oarbonicola rdbusta. At Elginhaugh these fossils occur about 15 in.

above the coal and are associated with Spirorbis. At Broomie-
knowe they lie between 25 and 30 in. above the coal.

The best section near Newbattle Abbey is in the little stream
that joins the South Esk from the east side, close to the Abbey.
Here the Eough Coal is to be found immediately under a thick,

yellow, massive sandstone—the Eough Coal post. The Splint Seam
is not visible, but its position may be represented by a gap in the

section, below which comes the Parrot Eough, without any indications

of Oarbonicola above it, but with a parrot shale, about 6 in. thick,

at the base. The Jewel Coal of the Whitehill and Polton Collieries

is not exposed in this locality, and it is doubtful whether it exists.

The Eough Coal and perhaps the underlying seams have evidently

been wrought in old times near the surface on the east side of the

Esk near the Abbey. It appears that the monks of the Abbey
mined for coal in the early years of the thirteenth century,* and
it is highly probable that they first turned their attention to the

nearest seams exposed at the surface.

In the little burn on the east side of the road, about 370 yds.

S.S.E. of Newbattle Bridge, a coal, at least 2 ft. thick, crops out,

and, from its character, was identified as the Splint Coal of Polton

Colliery, by Mr. Stirling, the former manager of this colliery. In

a Eeport by D. Landale,f made in 1857, it is stated that the Eldin

Eough and Splint Seams have been worked in the Bryant's day-

level (300 yds. south of the road-bridge over the South Esk, near

Newbattle Parish Church) and have also been found at the crop

near Craig's Paper Mill (now pulled down) close to the Lothian

Bridge (railway bridge over the South Esk).

On the east side of the South Esk, about 160 yds. S.S.W of

the Abbey, a coal, at least 3 ft. thick, rests on 21 in. of fireclay

which overlies the yellow sandstone already spoken of as the

Eough Coal post. This coal is in all probability the Great Seam
of Whitehill.

In Aitkendean, near Carrington, several coals, and old abandoned
day-levels and shallow pits are to be seen. One of the seams

resembles the Eough Coal in quality, and like it is directly overlain

by a thick massive sandstone, rather coarse and either red or yellow

in colour. It is split up by partings, the section being somewhat

as follows :

—

Coal
Clay

Coal
Fireclay and sandstone with rootleta .

.

Coal

* See p. 231.

t This information has been kindly communicated by Mr. J. Gemmell, C.E.

Ft.
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Two other lower coals are also seen a little farther down the

dean, and the bottom one is at least 30 in. thick.

The Eough Coal is said to be only 9 in. thick at the old Eldin

Dean pits, about 670 yds. east of Broomieknowe Station. It is not

visible in the Broomieknowe cutting, though the strata near its

stratigraphical position are well exposed.

The Crow Coal near the top of the Whitehill shaft section is, as

its name implies, of poor quality, and has not been worked in the

present pit. A coal, supposed to be the equivalent of this seam, was,

however, formerly worked at Barleydean.

At Eskbank, the Dalkeith Under and Upper Coals lie above the

horizon of the Great Seam. Both were formerly worked near the

outcrops, and the Under Seam was lately mined in the Glenesk
Colliery. From the journal of the bore, put down 50 yds. north of the

upcast shaft of the colliery, the following shortened section has been
constructed :

—

Section in Bore Tiear Glenesk Colliery.

Strata

Coal with partings. Probably the Cowpits Little Splint
Strata

Coal and blaes

Strata

Dalkeith XJppbe Coal (waste)

Strata

Brown sandstone .

.

Strata

Dalkeith Under Coal
Strata

Coal and parting
Paky fireclay

Sandstone.

.

Strata

Coal
Sandstone .

.

Strata

Rough Coal with parting

From the foregoing section it is apparent that the Dalkeith
Under Coal is nearly 182 ft. above the Eough, while at Whitehill
the distance between the latter seam and the Crow Coal is about
125 ft. In the section in the Polton shaft, which is half-way between
Glenesk and Whitehill, the Dalkeith Under Seam is not represented,
though the thickness of strata above the Eough is 227 ft.

The one-inch coal in the Glenesk Bore section perhaps represents
the Great Seam, and the thick sandstone beneath it the Eough
Coal post.

In a Eeport made by D. Landale, in 1857, it. is stated that the
crops of the Upper Dalkeith Coals have been worked at the
Newbattle Kirkyard. A seam which may correspond to one of the
Dalkeith Coals is visible in a little burn north of Woodburn House,
where it has the following composition :

—

Ft.
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This seam is' perhaps the one exposed at the east side of the South
Esk, 100 yds. sUghtly north of west of Woodburn. A little above
the latter seam we find thin alternations of red and purple shales,

flaggy sandstones, and several lenticular seams of compact pale

brown limestone, about 8 in. thick. A similar limestone, associated

with red and lilac clay shales, is also seen in the North Esk about
300 yds. above Lugton Bridge. These beds resemble some of the un-
productive measures (Middle Coal Measures ?) in Dalkeith Park, but
they are probably much lower in the sequence, and underlie the
Craighall Measures, including the Jewel, the Beefie and the Splint

Coals.

The coarse red, yellow and purple sandstone, exposed in

Dalhousie Burn below Cockpen Church, is known to be about 160 ft.

above the Splint Coal at a locality 267 yds. north-east of the Church,
and must therefore be at least 100 ft. above the position of the Great
Seam. It extends northwards to a little distance below Newbattle
Bridge, and is probably separated by a fault, with a considerable

downthrow to the south from two exposures of a coal seam—probably
the Eough—which occur on the west side of the South Esk about a

third of a mile below the bridge. One of these shows 25 in. of coal

overlying fireclay and immediately underlying a soft yellow sandstone.

On the south side of the exposures, the beds below the coal rise up
to the south and extend along the river near to the coarse sandstone
referred to, so that it seems probable that somewhere in this locality

strata considerably above the Great Seam must be faulted down
against beds below the Eough Coal.

The geological structure of the ground in the South Esk, for a

third of a mile upwards from the foot of Dalhousie Burn, is obscure.

The exposures of the coarse sandstone of the latter stream do not

extend up the Esk, but end suddenly at the side of a drift-covered

space which may be the site of a pre-glacial valley. Its margin can

be traced a short distance up Dalhousie Burn, and at its western

edge we find in one place many fragments of thin flaggy sandstone

which appear to be nearly in siM. If such be the case, they must
be separated from the coarse sandstone on their west side by a fault

running in a N.N.E. direction.

The coarse sandstone in the South Esk at the foot of the little

stream about a third of a mile above Newbattle Eailway Bridge is

considered to be part of the Eoslin Sandstone series (Millstone Grit).

In the space between this exposure and the somewhat sindlar sand-

stone at the foot of Dalhousie Burn, which, as already stated, must
be considerably above the position of the Great Seam, the horizons

of the lower seams of the Coal Measures should come to the surface

if not thrown out by faults. There is no evidence at present of the

occurrence of any coals in the space mentioned, nor of any steep dip

which might cause these seams and the associated strata to outcrop

in rapid succession in the obscure part of the river which extends

upwards from the foot of Dalhousie Burn for about 180 yds.

According to D. Landale's Eeport, just referred to, the crops of the

Eough and the Splint Coals have been found in this locality, but it

still seems probable that at all events some of the seams which

should normally occur here have been cut out by one or more faults

with a downthrow to the north-west. In the Newbattle incline of
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the Lady Victoria Colliery, a dislocation with a downthrow to the

north-west of 240 ft. has been proved in the Edge Coal group, which
probably continues in a south-west direction and crosses the Esk in

some part of the space referred to, but the exact position cannot be

ascertained. It has still to be proved to what extent the Coal

Measures are affected by this dislocation and by another sub-parallel

fault on its south-east side with a similar downthrow, which has also

been proved in the Edge Coal group.

The Vogrie fault probably traverses the Mid-Lothian Basin not far

south from the southern margin of the Coal Measures except at one
locality, and a branch of this dislocation perhaps forms the

southern limit of the Coal Measures for some distance west of the

road between Carrington and Temple. In a wooded valley between
these villages a coal, formerly wrought with a southerly dip, lies

under a soft coarse sandstone and over a massive sandstone which
has been quarried. It may be the Eough Coal or some lower seam,

but even if this supposition be correct, its occurrence there implies the

existence of a fault. For, about a third of a mile to the south near

Bedside, a coarse red and white sandstone with a W.S.W. dip at 30° is

exposed, which has been mapped as part of the Millstone Grit. In this

interval there is not sufficient room for the uprise of the coal to the

south with a normal outcrop above the Roslin Sandstone.

The south-western margin of the coal basin between Eoslin

Castle and Newbigging farm is probably formed by a fault striking

slightly west of north and with a considerable downthrow to the

east, which has already been referred to in describing the Eoslin

Sandstone series (see p. 248). A bore put down by the roadside

about a quarter of a mile E.N.E. of Kirkettle farm pierced 276 ft.

of strata before reaching the Castlecary or No. 6 Limestone, and
calculating from the dip of the strata in the neighbourhood and
from information regarding the adjoining workings of Whitehill
Colliery, it seems probable that the fault passes between the bore

and the workings. C T. C.

PENICUIK AND AUCHENCOKTH OUTLIEES.

The existence of a small outlier of the Lower Coal Measures,
situated nearly in the centre of the Eoslin Sandstone area of

Auchencorth, is proved by a bore on the Hare Burn, rather less

than half a mile above Hare Burn Bridge. The journal of this

bore shows two coal seams, 2 ft. 9 in. and 2 ft. 3 in. in thickness,

at depths respectively of 15 and 19 fms. from surface. Ten fathoms
of this depth is drift, the bore having been put down in a pre-glacial

channel of the stream, now filled with sand and gravel.

These coals have been identified with the two lowest seams of

the Coal Measures. A lower seam of parrot coal, only 3 in. in
thickness, may be included in the Eoslin Sandstone, which has
been proved to a farther depth of 7^ fms.

Another small patch of Coal Measures occupies the centre of

the minor basin, already referred to, immediately to the south of

Penicuik. The two lowest coals, the Little Splint and the Jewel,
crop out in the river Esk a short distance below the cauld, and
are associated with dark shales from which Upper Carboniferous
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plants have been obtained. The lowest seam, which at the outcrop
is 2 ft. thick, has been recently worked to some extent, but the
workings were flooded by the river, and have for the present been
discontinued. L. w. H.

II. Middle Coal Measuees(?).

Though the members of this group have a great resemblance to

the Upper Barren Measures of Fife which are classed with the
Middle Coal Measures of England,* yet it must be remembered
that no sufficient palseontological evidence has yet been obtained
in Mid-Lothian to determine their age.f

The beds provisionally classed with the Middle Coal Measures
only occur, as already stated, on the north side of the Sheriffhall

fault. They are well seen in Dalkeith Park (in both the North
and the South Esk) and also in the North Esk for a little distance

above the Park. They have been penetrated by bores in Dalkeith,
both near Lugton Bridge and at the brewery belonging to Messrs.
M'Lennan and Urquhart. In the river sections the general dip is

nearly south, often at angles between 9° and 16°, and in a compara-
tively undisturbed area, extending from a little north of Montagu
Bridge—the private bridge over the North Esk—to the marine
calcareous horizon, which is taken as the top of the Lower Coal
Measures, there is evidence of the occurrence of nearly 400 ft. of

strata, consisting chiefly of rather coarse-grained, occasionally

pebbly sandstones of a reddish or brown colour, mixed with red,

lilac, grey and mottled clays. " A thin calcareous zone, about 230
ft. above the marine limestone just referred to, is also seen in

both the North and South Esk, and is mainly represented by a

dark grey bed, from 4 to 6 in. thick, which is mixed with some
carbonaceous material, and contains many little veins filled with
calcite crystals arranged with their long axes nearly at right angles

to the sides of the veins. The clay above this bed is also crossed

by many thin veins of a similar kind.

From the clay shale close to the carbonaceous limestone,

Mr. Tait has collected various organic remains; including Upper
Carboniferous fishes, a bifurcating stem and Lepidostrobus, but these

might be referred either to the Lower or Middle Coal Measures.

The fish remains have been named by Dr. Traquair as follows :

—

Coelacanthus elegans Newb.
Helodus simplex Ag.
Megalichthys sp.

Sphenacanthus, shagreen of.

Palteonisoid scales (indeterminable).

Selachian teeth.

About 100 yds. north of the Montagu Bridge a fault running
nearly east and west crosses the river, on the south side of which
a bed of carbonaceous limestone and mottled clays again occur.

* " The Geology of Central and Western Fife and Kinross," Mem. Ged. Sur.,

p. 146. " On the Various Divisions of British Carboniferous Books as determined
by their Fossil Flora," R. Kidston, Proc. Boy. Phys. Soc. Edin., 1893, vol. xii. p. 203.

t The lowest of the Fifeshire beds, from which Mr. Kirkby collected the fossils

which indicated to Mr. Kidston the palseontological horizon, lies more than 500 ft.

above the base of the Upper Barren Measures-.
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These closely resemble the strata just referred to, except for the

occurrence among them of a red sandy shale, exposed about 50 yds.

north of Montagu Bridge, where it yields marine fossils first

detected by Mr. H. B. Maufe. The forms obtained by him and

subsequently by Mr. Tait were determined by Dr. Lee and are

given in the subjoined list :

—

Lingula mytiloides /. Sow.

Productus sp. (a) (of the group of Pr. scalricidus).

„ „ (5) (affinities doubtful, but not the same as preceding).

Lamellibranch (t) indet sp. (a).

(1) „ sp.(6).

Pectiniform lamellibranch.

Nautiloid indet.

If the fault just referred to has no appreciable throw, the

stratigraphical position of this fossiliferous zone is probably about

380 ft. above that of the marine band which has been taken as

the top bed of the Lower Coal Measm-es, as already described.

In the North Esk, on the south side of Dalkeith Park, there is

a development of soft, red, purple, and white sandstones alternating

repeatedly with mottled red, buff, and white marls or clays, about

80 ft. thick. The sequence is not quite like any seen within the

Park, and it is probable that the component beds are higher in the

series than any of the other red measures exposed. It is doubtful

whether they directly overlie the strata on the north side of

Montagu Bridge. A little below Lugton Bridge these alternating

beds dip north-west about 25°, and by the old toll-house on the

south side of the bridge they have been penetrated in three bores,

made to provide a water supply for the town of Dalkeith. No
coal is recorded in any of these bores. The central bore is 337
ft., and the western 241 ft. in depth. The boring contractor stated

that the strata pierced in the latter are much confused and often

almost vertical, thus indicating marks of disturbance of the strata.

It seems probable that the site is not far from a branch of the

Sheriffhall fault.

A diamond boring has recently been made from the bottom of

an old well in the yard of Messrs. M'Lennan and Urquhart's

Brewery—about 300 yds. E.N.E. of the Dalkeith Station. The
site lies to the south of the position previously assigned to the

Sheriffhall fault, but the close resemblance of the strata in the

bore to the supposed Middle Coal Measures of Dalkeith Park leaves

little room for doubt that they belong to the same series. It is to

be noted, however, that the details of the sections in the Park and
in the bore differ considerably. While in the former area only

one calcareous horizon is known, in the bore three are represented,

each by more than one thin bed of limestone. Several of these

calcareous bands have a brecciaform appearance, being composed
of small irregular lumps of buff limestone embedded in clay shale

;

certain laminse in them are nearly black, apparently from a slight

admixture of carbonaceous material, but no proper coal appears

to have been met with. The total depth of rock pierced in the

well and in the bore is rather more than 350 ft. The cores showed
that the strata are nearly flat, though it is probable they are only

a short distance north of the main branch of the Sheriffhall fault.

i8
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At Olive Bank, Musselburgh, the total thickness of Carboniferous

rocks above the Splint Seam of Craighall is about 529 ft. while

near Dalkeith the marine limestone taken as the top of the Lower
Coal Measures is perhaps about 440 ft. above the same horizon. It

thus seems likely that some of the supposed Middle Coal Measures
may occur at Musselburgh also, though none are exposed. Below
the raised beach and drift deposits and above two thin beds of

kingle, the Journal of No. 1 Bore there records rather more than

130 ft. of strata, chiefly consisting of alternations of red sandstone

and red blues and barren of coal, which may possibly belong to the

group under description. A conjectural boundary line has been

drawn upon the map in accordance with the scanty evidence, the

area enclosed being about a quarter of a square mile. c. T. c.



CHAPTER Xiy.

IGNEOUS EOCKS INTEUSIVE IN CAEBONIFEEOUS STEATA.

Eeference has already been made to the important series of igneous

rocks that have invaded the Carboniferous strata in the region under

description and appear in the field as intrusive sheets or dykes.

They may be arranged in two groups which differ in petrographical

characters and in age. Within the area there is evidence to prove

that some of the sUls are more or less persistent on certain horizons

and have been folded and faulted with the Carboniferous sediments

among which they lie.

The earlier intrusions have characters linking them to the Lower
Carboniferous lavas. They often carry olivine and show indications

of a considerable quantity of alkali in their composition, such as the

frequent presence of analcime. They have been intruded contempor-
aneously with the surface outpourings and can be regarded as the

underground expression of this volcanic episode—a conclusion sup-

ported by their absence above the Index Limestone in this district.

The picrites belong to this earlier group.

The later set including the east and west dykes, in addition to

several great sheets, resembles the Whin Sill, both in age and
composition.* The exact age of this group, including all the quartz

dolerites, is not well defined within the margins of the region at

present under description. In the Mid-Lothian basin, however, east

and west dykes intersect the Coal Measures, and to the west of

Linlithgowshire the sheets are abundant in the Coal Measures and
have been faulted with them.f

In the Bathgate Hills, Mr. Clough observed that a quartz dolerite

sheet, which appears to be continuous with an east and west dyke,

cuts another of these dykes. J This sill has been faulted with the
Carboniferous beds in which it lies, as will be seen from the detailed

description in a subsequent page. These facts appear to limit the

date of the quartz dolerites, both sills and dykes, to a very late part
of the Carboniferous period ; a conclusion in accord with Mr. dough's
observations in Cowal, where he found north-west dykes of Tertiary

age repeatedly cutting east and west dykes. § It is interesting also

to note that the Hett dyke, associated with the Whin Sill and of

similar composition, traverses the Coal Measures, but on reaching

the escarpment of the Magnesian Limestone does not penetrate it.||

In the few cases where the relations between the two groups are

seen, the quartz dolerites cut the teschenite intrusions. This point

has been established south of Wester Ochiltree by the Geological

* The Petrography of these two groups is dealt with fully in Chapter XV.
t Explanation of Sheet 31 (1879), p..45.

j "Summary of Progress," Mem. Geol. Sur. for 1904, p. 118.

§ "Geology of Cowal," pp. 139, 147. SirA.Geikie, "AnoientVoloanoes," vol.ii.p.l72,

II
A. Sedgwick, Trans. Gamb. Phil., 1827, vol. ii. p. 43,
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Survey* and by Mr. Campbell and Mr. Stenhouse, in Inchcolm,

where sills of the earlier group are traversed by east and west dykes
(see Plate V.).

Before entering into details regarding some of the more important
and interesting members of these groups, one or two facts relative

to their general disposition deserve attention. At a first glance it

is evident that these rocks are not equally distributed over the

district now under description, and on examination it will be found
that, with the exception of a few east and west dykes, none occur

east of the Pentland fault ; while to the west of that line of displace-

ment they are profusely abundant, particularly in the oil-shale field.

Here the oil-shales seem to have afforded easy paths, enabling the

igneous rock to replace the volatile constituents driven out before it.

G. w. G.

EARLIER GROUP OF INTRUSIVE ROCKS.

OLIVINE DOLBKITE, TESCHENITE, PICRITE.

These are found in sheets occasionally associated with the lavas,

but more often occurring in the sediments below them. Perhaps
the most remarkable example is Salisbury Craigs, a semicircular

mural escarpment due to the outcrop of an intrusive sheet of teschenite

(Plate III.). Occurring close to the Scottish metropolis it is natural

that such a prominent feature should have attracted attention from
the earliest days of geology. The followers of Hutton and Werner
pointed to this intrusion as furnishing evidence in favour of their

rival theories regarding the origin of trap-rocks.

It has been injected nearly along the line of junction of the Upper
Old Eed Sandstone and Carboniferous strata. Evidence of intrusion

is best seen towards its northern end where it pierces the red sand-

stones beneath and the cementstones above. At the south end it

interdigitates with beds containing HoloptycMus and dies out before

reaching the agglomerate within the neck. The sill dips inward

toward the neck which probably already existed at the time of its

intrusion. Samson's Eibs is not, as formerly believed, in continuity

with Salisbury Craigs, but is a separate intrusion of different petro-

graphical type, within the neck (see p. 67).

The rock of Salisbury Craigs varies considerably in texture in

the field. From the margins inwards towards the centre it is arranged

in corresponding parallel zones due to cooling. The margin is fine-

grained, with a thin film of tachylite, often reddened and decomposed
at its outer border. A line of small round vesicles separates this

marginal band from an inner coarse-grained and columnar rock,

which forms the greater part of the intrusive sheet and merges into

a still coarser central zone with large vesicles. This central band,

from 6 to 8 ft. thick, separates into irregular, rounded masses,

in marked contrast with the columnar structure above and below.

The central portion is more acid in composition than the columnar
zones, which is probably due to differentiation of the magma after

intrusion. Notwithstanding this feature, both rocks are analcite

olivine dolerites or teschenites (see p. 296).

* "Summary of Progress," Men. Qeol. Sur. for 1904, p. 118,
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The alteration produced by the dolerite is best seen at both ends

of the sill. At the north end it is not visible at the bottom of the

intrusive sheet, but at the south end, where it interdigitates with the

red sandstones, contact metamorphism is displayed both above and
below the branches into which it has split. This alteration is

particularly well exposed at the quarries, at the Hawse, and along

the Eadical Road where the inclusion occurs that was figured by
Sir A. Geikie * in the previous edition of this memoir and so care-

fully studied by Dr. Stecher.f At the junction, the sandstones are

converted into a kind of quartzite and the shales become jaspery.

Tachylyte borders occur round the inclusions as well as at the margins
of the mass, and in these places little dykes of dark porphyritic rock

are found (Plate XI. Fig. 6).

Near the Cat Nick some dykes that may belong to the later east

and west group are seen traversing the sill. Their direction cannot

be determined, and they are too decomposed for microscopic deter-

mination. B. N. p.

Low down in the Calciferous Sandstone series a sill forms the

bold escarpment of the Kaimes and Dalmahoy Hills and occupies

a very constant horizon in the Ballagan group, some little distance

above the Corston Hill lavas. On the western slope of Dalmahoy
Hill there is an excellent section showing that the mass consists of

several separate intrusions, the lower portion being columnar. The
rock is extensively quarried for road metal. Near the same strati-

graphical position the sill at Auchinoon, about a mile to the south of

Corston Hill, shows a fine contact junction on the north side of the

road, where the intrusive rock has converted some calcareous shales

into a calc-silicate hornfels. East of the road another mass occurs,

but the ground is so obscured by drift as to render its position

uncertain. Farther west, the sill at Camilty Mill on the Linhouse
Water also occurs above the Corston Hill lavas, and may be seen in

that stream.

The most extensive intrusive sheet in the district is the Broxburn
sill, regarding which much information has been obtained in the

course of mining operations. At Newfarm, east of Livingston, it

does not appear on the surface, and its outline beneath the drift has

been laid down from borings. To the north it passes below shales

and merges into the mass beneath Houston Wood, where it occupies

the position of the Broxburn Shale and overlies the Binny Sandstone.

Two diamond bores, which reached the Burdiehouse Limestone, pierced

the sill at that locality, the thickness of the igneous rock passed
through in the east boring being 230 ft. (see Fig. 7, p. 88). At
the surface the dolerite is seen only in the quarries near Craigs, but
a large number of bores have proved its position over the rest of the
area. Proceeding northwards, we find the extension of the Houston
Wood mass on the farther side of the Middleton Hall fault. Here
the sheet was evidently intruded into the strata when they were
fairly horizontal, and has shared with them in the dynamic move-
ments which folded and faulted the oil-shale measures. The section,

* See Fig. 19, p. 113, "The Geology of the Neighbourhood of Edinburgh,'' Mem,
Oed, Sur., 1861.

fi.l t Tteherm. Min, Mitth., 1888, vol. ix. p. 146, and Proc. Roy. 8oc. Edm., 1888,
vol. XV. p. 160.
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from Dechmont to the River Almond, published in the Memoir on
"The Oil-Shales of the Lothians" (Fig. 14, p. 55), shows that the
result has been to bring the sill to the surface at five separate

localities. On the east side of the basin, south-west of Newliston,
the sill, 80 ft. thick, occupies the position of the Broxburn Shales,

rendering them useless. It continues on this horizon to a little

beyond the East Mains bore-hole where it rises about 50 ft. above
the shales and keeps this level till within a short distance from the
mouth of the Albyn mine, leaving the shale uninjured. Here it

splits into two, the lower portion being in close proximity to the
shale, which it has burned for a short distance inwards from the mine
mouth. Mr. Oadell* remarks that this part was found to be full

of cavities coated with calcite and filled in the heart with mineral
wax, yellowish grey when fresh, and brown after exposure to the

air. On analysing the hydrocarbon it was found by Mr. Steuart to

consist of

—

per cent.

Carbon 84-35

Hydrogen 12-83

Nitrogen 1-68

98-86

with traces of sulphur in some specimens. On the west side of the

Broxburn anticline the sill alters its position and lies between the

Fells Shale and the Houston Coal from Niddry Burn to the Middleton
Hall fault. It is not seen at the north end of the Fivestanks basin

but appears to the south of Newbigging, on the west side of this

flexure, occupying the same position as on the eastern edge. Here
the sill forms the Newbigging Crags, and at the south end of this

escarpment, changes its horizon and occupies the place of the

Houston Coal as far as the east and west Curledubs fault. Six

hundred yards to the north-east of Fivestanks, boring operations

proved it to have rendered the coal " blind " and to have hardened
the overlying Houston marls. On the south side of the Curledubs
fault it again descends to the Fells Shale position forming the

picturesque crags on which Old Uphall is situated, where it probably

attains its greatest thickness. As it approaches the Middleton Hall
fault it again rises to take the place of the Houston Coal, and near

this fracture it plunges down below that horizon. In a boring to

the south-west of Houston House this sheet is 62 fms. from the

surface, 252 ft. thick, and occupies the position of the Broxburn Shale.

South of West Broadlaw three small areas, either plugs or sills,

lying some distance below the Houston Coal may also belong to the

Broxburn sill.

Passing now to other sheets on similar horizons to the Broxburn
intrusion, and perhaps belonging to it, we find several small sills on
the south side of the Winchburgh fault at Winchburgh. Two of

these are well exposed at the south end of the canal cutting, where
they are separated by a narrow belt of shale. Their position is just

above the Fells Shale. The Winchburgh sheet on the north side

of the fault is well exposed in several rock knolls on the east

side of the station, and in a rock cutting on the mineral railway of

* H. M. Cadell, Trans. Inat. Min. Engra., 1901, vol. xxii. p. 347.
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the Oakbank Co. Its geological position lies between the Burdiehouse

Limestone and the Dunnet Shale and below the position of the

Broxburn sill. The Carmelhill and Dundas Castle sheet lies in

the Binny Sandstone, a position below that of the intrusion south

of Winchburgh of which it may be a continuation. West of

Kirkliston, four small sills occur, but their position in the sequence

is uncertain.

Between Craigbrae and Craigie, numerous bores have been put

down with the result that the drift-covered area between these two
points is found to be occupied by dolerite, which has been proved

along the southern edge to be about 150 ft. above the Dunnet Shale,

and probably 450 ft. in thickness. Further investigation alone can

show whether these sills at Craigbrae, Dundas Hill and Winchburgh
are extensions of the great Broxburn sheet.

The Mons Hill sill occurs on a lower horizon along the southern

shore of the Firth of Forth, and is comparable with the Broxburn
intrusion in size. At Whitehouse Point it lies 555 ft. below the

Burdiehouse Limestone. In addition to a rudely banded structure

dipping to the west, it shows a fine contact junction on the shore

where the igneous rock passes beneath greenish grey shales and has

altered them considerably. Like the Broxburn intrusion, this sill

has been folded with the beds among which it lies, so that it appears

again farther west along the crest of the anticline that stretches

from Lin Mill Burn, at Port Edgar, to the Ochiltree fault. Near the

mouth of this burn it is seen rising from beneath the sandstone beds

where it has a rude banding dipping to the east and resembles the

Mons Hill sheet in character and texture. Inland it reaches the

Ochiltree fault and at one point rises above the Burdiehouse
Limestone. Westwards it reappears in the centre of the Hopetoun
anticline where it is reduced to a thin sill 200 ft. below the

Burdiehouse Limestone. Here it is a white or yellowish rock
with cavities full of bitumen similar to those of the Broxburn and
Binny Craig districts. On the west side of the anticline it appears
spherulitic in the hand specimen. j. s. G. w.

The mass of dolerite which forms Corstorphine Hill lies at its

southern end on the Craigleith Sandstones, and as it is traced north-

ward it penetrates the overlying Wardie Shales, which are seen in a
highly altered condition in a quarry one-third of a mile S.S.W. of

Craigcrook Castle.

The greater part of the rock is a dolerite, but, in the section *

exposed in the railway cutting west of Davidson's Mains, it is seen
to be heterogeneous, containing a mass of deeply weathered picrite,

which is separated from the base of the dolerite by a few feet of

rock (see Sheet 32). The more basic portion here forms nearly half

the thickness of the mass and is affected by a rude banding parallel

with the surfaces of the sheet. It is evident that both rocks form
one intrusion which has segregated into these different parts with
no chilled margin between them. The picrite is traversed by veins
of dolerite and felspathic segregations. Below this intrusion a fine

section of altered sediments is exposed. G. w. G.

Wherever sections across the strata between the Craigleith

* H. W. Monckton, Quart. Jour. Oeol. Soe., 1894, vol. 1. p. 39 ; also Sir A. Geikie,
"Ancient Volcanoes of Great Britain," 1897, vol. i. p. 450.
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Sandstones and Wardie Shales are laid bare, in the neighbourhood

of Edinburgh, sills are found which appear to be continuations of

the Corstorphine sheet, as, for example, the intrusions of Bells

Mills, on the Water of Leith, which are noted for having furnished

Sir James Hall with material for his experiments. Others occur

in the suburban railway cutting near Craiglockhart and at Lochend
where a sill on this horizon is magnificently exposed in crags and
quarries.

Along the shore between the mouth of the Almond and Newhaven,
numerous small sills occur sometimes only a few feet in thickness,

affording good examples of white trap.

Opposite the mouth of the river Almond, a chain of islands

stretches across the Firth, of which Cramond, Inchmickery and
Inchcolm are the most conspicuous. These have not been included

in the area revised for the publication of the present edition of the

map, but from the researches of Mr. Campbell and Mr. Stenhouse it

appears that these islands are composed of various analcite olivine

dolerites, including as extreme members picrite on one hand and
teschenite on the other.*

The most interesting exposure is that of Inchcolm, the structure

of which was carefully described by Bou^,f who pointed out the

anticlinal arrangement of the rocks and the dolerite cropping out

towards each side. He observed parts of the mass passing into

serpentine by failure of the felspar. The serpentinous rock, he
noted, is traversed by strings of chrysotile.

These facts have been confirmed. The island owes its horseshoe

form to this anticline whose western limb is cut by a massive east

and west dyke, a continuation of that on the shore at Downing Point

(Plate v.). Beds beneath the picrite, consisting mainly of a massive

sandstone showing curious false-bedding, are exposed along the

southern coast. In one or two places where the top of the intrusion

is observed, it is overlain by intensely altered shales which pass on

the north-west foreshore under a group of lavas and tuffs. Where
the junction with the shales is seen at the eastern extremity of the

island, the relations are of a complicated nature. At this point the

picrite grades upward imperceptibly into the dolerite, at the same
time assuming a peculiar banded structure recalling that of the

picrites described by Mr. Harker.J

The island of Carcraig is built up of four superimposed sheets

of teschenite. The two lowgr intrusions are in contact with a series

of altered sandstones, shales and a lamellibranch limestone, dipping

in an E.N.E. direction. G. w. G.

The Blackburn leckstone, classed by Sir A. Geikie with the lavas,

has been examined both in the field and under the microscope, but his

interpretation of the relations of the rocks has not been confirmed.

The overlying sediments are greatly altered, the ropy surface is

paralleled in other intrusions, while the microscope shows that the

igneous rock has picked up fragments of the sediments. In the

new leckstone quarry, about half a mile south of Blackburn,

the upper portion of the rock is teschenite and the lower is a

* Trans. Edin. Oeol. Soc, vol. ix. pt. ii. p. 121.

f Ami Boue, " Esaai Geologique sur I'lSoosBe," p. 176.

t " The Tertiary Igneous Rooks of Skye," Mem. Qtol. Sur., p. 75.
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rather hard picrite, as described by Sir Archibald Geikie * but the

divisional line between the two is tolerably distinct, is very sinuous

and does not seem to be due to chilling of either rock against the

other. South of this quarry, teschenite occurs at the railway viaduct,

and in several quarries beyond, where it is worked for road metal.

In the railway cutting the outcrop is 150 yds. broad and does not

contain any picrite. From this cutting the teschenite has been traced

by numerous exposures to Eusha, where the face of the quarry

shows about 30 ft. of this material resting on 15 ft. of dark

greenish grey picrite. The divisional line is here distinct and

nearly horizontal, and there is no chilled margin. The base of

the intrusion is not seen, but there can be no great thickness of

rock between the bottom of the quarry and the underlying dark

sandy shales in the adjoining burn.

A somewhat thinner band, whose margins are composed of

teschenite with picrite in the centre, lies to the east of that just

described, being separated from it by about 70 ft. of sedimentary

strata. J. s. G. w.

From the evidence adduced it is obvious that these picrites are

intimately associated with dolerites; the two rocks forming single

intrusions. The separation of the ultrabasic portion from the basic

material is so sharply defined as to suggest that we see in them
examples of Durocher's liquation hypothesis.f According to this the

magma has separated on cooling into two immiscible portions, which
have become aggregated during the flow of the molten rock.

G. w. G.

The intrusive rock quarried near Bathgate is another example of

the earlier intrusions. It is one of quite exceptional type, and even

in the field is characterised by lighter and darker portions, the lighter

parts abounding in acicular crystals of hornblende. The form of

the intrusion is uncertain, but its position seems to be above the

Houston Coal and below that of the Hurlet Limestone. E. B. B.

A very fine section is exposed in a quarry at Ochiltree Mill about

three miles south-east of Linlithgow where one of the earlier dolerite

sills is cut by an east and west dyke. h. b. m.

Mochrie's Crag, 500 yds. south-west of Wester Ochiltree, is formed
by a sUl below the Houston Coal. The rock has a peculiar appearance,

being speckled with light-coloured glancing patches due to analcime.

West of Kingscavil, a dolerite appears on the surface, being traceable

for about a mile, ending at its southern end against a neck.

G. w. G.

The Burghmuir Bore, No. 1, entered a band of whin at least

24 ft. 11 in. thick, at a depth of 459 ft., and two borings

nearly two-thirds of a mile east of this locality pierced "whin
fakes" after passing through nearly 40 ft. of drift. It seems
probable that these whin fakes represent both the Burghmuir
bed and also the sill west of Kingscavil, mentioned above.

0. T. c.

Among the lavas of the Bathgate and Linlithgow Hills there

* Trans. Boy. 8oe. EUn., 1879, vol. xxix. p. 606, and " Ancient Volcanoes of Great
Britain," vol. i. p. 443.

t J. J. H. Teall, Quart . Jour. Qwl. Soc, 1901, vol. Ivii. p. Ixxix.
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are several examples of markedly columnar rock. One instance

is beautifully exposed in the quarries at Hillhouse, where it

rests on beds above the limestone and transgresses from one

horizon to another. About 30 or 40 ft. of rock is visible, being

columnar and rarely vesicular in its lower portion, while higher

up, the joints become irregular and the rock highly amygdaloidal,

which may be indications of the proximity of the upper margin of

the sill. A dyke of white trap occupies a fault in the limestone

and appears to give off veins from 1 to 3 ft. thick, which
become thinner as they are traced away from the dyke and finally

die out.* The larger mass may also have been fed by this intrusion.

The other columnar rocks occurring at Hiltly, Kipps Hill, the

East and West Kirkton Quarries, may also prove to be intrusive

when further evidence is available. G. w. G.

Between Linlithgow and Bo'ness, only one band of rock, a sill or

laccolite of olivine dolerite, is known to be of intrusive character.

It is exposed close to, and in a little scar 150 yds. E.S.E. of Carriden

Church, and was formerly visible on the shore 140 yds. north of

the Church, and in another place more than half a mile W.S.W. of

the seaward end of Bridgeness Pier. It was originally regarded as

a lava-flow, but in the Smithy Coal workings, near the Miller's Pit

(620 yds. south of the old Grange House), it suddenly changed its

horizon and appeared in the form of a white tongue running along

the coal and destroying it.f In a boring 100 yds. west of Carriden

Church„ the base of the sheet is 27 ft. above the Smithy Coal and
its thickness is 76 ft., though, in a new sinking in Carriden Pit,

only 400 yds. to the north-west, the thickness is only 4| ft. and
the base is 46 ft. above the coal.

In the new pits, No. 1 and No. 2, Grange and Bridgeness, this

sill has recently been pierced. The blocks of it thrown down on the

shore bank are all much decomposed and so full of amygdules that

the bed would probably have been classed as a lava-flow had no
other evidence been available. c. T. c.

LATER GROUP OF INTRUSIVE ROOKS.

QUARTZ DOLERITE SILLS.

The sill at Selms, one mile S.S.E. of Mid-Calder, which, like the

Salisbury Craigs intrusion, has been injected nearly along the

junction of the Upper Old Eed Sandstone and the overlying cement-

stones, is a strong coarse dolerite, at one time extensively quarried

for road metal and paving setts. The sheet that forms a rocky

ridge to the south-west of the village of Kirknewton is intruded into

sandstones, with cementstones, and lies some little distance above

the base of the Cementstone group. Another sheet at Kirknewton
Mains occupies a low position in the Calciferous Sandstone series.

Near Eed Craig, on the Linhouse Water, a very fine contact is seen

in the right bank of the stream, where the dolerite indurates and
transgresses shales some distance below the Corston Hill lavas.

* " Ancient Volcanoes of Great Britain," voL i. fig. 166, p. 466.

t H. M. Cadell, op. ci*. p. 377. .^. ,
;
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The Eatho sill has been delineated from topographical features,

and as the ground is thickly covered with drift it is possible that
several separate intrusions are included in this area. The large

quarries in this mass lie towards its northern end between the canal
and the railway, where it occupies a position some distance below the
Burdiehouse Limestone. Another prominent intrusion of this type
extends from the shore at Snab Point southwards by Cramond to

West Craigs, near Corstorphine. In the river Almond it rests on
blue shales, with oil-shale bands of uncertain position, and towards
the junction the dolerite becomes fine-grained and alters the

sediments to some extent. The quartz dolerite of Hound Point, north
of Dalmeny Park (Plate VI.),* may be a continuation of the West
Craigs mass, thus connecting it with those of Inch Garvie and
Inverkeithing, where the rock lies in a syncline dipping from both
sides towards the Inner Bay.

Among higher beds of the Calciferous Sandstone series, on the

west side of the Broxburn shale field, two intrusions form a ridge

stretching from Dechmont village to Dechmont House. The western
one is truncated by a large north and south fault with a downthrow
to the east. Not far to the N.N.W. another sill forms the ridge

between Binny Law and West Bangour, which lies some little distance

above the Fells Shale and appears to dip to the north-west, having a

bold escarpment along its eastern margin.

The Binny Craig sill lying to the north of the East Binny fault

is a peculiar rock, probably a fine quartz dolerite. At Hanging-
side it forms the bold escarpment of Binny Craig, and when struck
with a hammer the rock there emits a bituminous odour. At this

point it lies a little above the Broxburn Shale and has been injected

among shales and beds of bituminous blaes, heating them and
distilUng their hydrocarbons. In 1890 a diamond boring pierced
this sill, one mile north of Binny Craig, where it occupies the same
stratigraphical position as at the Craig. It was noticed that the
basalt core brought from a depth of over 600 ft. was cracked in

places, and the fissures were full of a soft yellow substance like

vaseline or wax, which melted in the sun and spread in an oily

film over the stone. We may well believe that this was due to

the distillation by the igneous rock of the hydrocarbons in the
shale, and as was to be expected when the seam was tested,

it was found to be quite worthless as an oil producer.f This sill

appears at the surface, south of Wester Ochiltree, in about the
position of the Fells Shale.

Craigton Hill, north-west of Winchburgh, may represent the
southern portion of an intrusion in the Binny Sandstone. It is about
100 ft. thick, is truncated at its southern end by the Ochil-
tree fault and on the west side of the hill shows columnar
structure. j. s. G. w.

Along the volcanic ridge of the Linlithgow and Bathgate Hills
other masses of quartz dolerite occur. One of these forms Cocklerue, J
spreading northward towards the Union Canal; another rather

* See "The Geology of the Neighbourhood of Edinburgh," Mem. Qeol. Sur., p. 114,
where sketches of this intrusion by Sir A. Geikie are given,

t H. M. CadeU, loc. cit.

t J. D. Falconer, Trans. Roy. Soc. Bdin., vol. xli. p. 366.
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smaller one extends eastwards from Easter Carribber. Their intrusive

character is placed beyond doubt by the presence of baked sediment
adhering to their upper surfaces exposed in some of the deep quarries

of the district and elsewhere. The dolerite is fine-grained towards

the margin, becoming coarser towards the centre. In these coarser

parts the light-coloured micropegmatitic mesostasis becomes unevenly
distributed and aggregates into patches varying in extent with the

coarseness of the rock, which give some portions a highly character-

istic appearance. Occasionally the quartz dolerite is traversed

by pink or grey aplitic veins, from f in. to 3 jn. across.* The
Cocklerue mass clearly illustrates some of the characteristic features

of these intrusions, for it becomes fine-grained towards the top as if

its form had determined the present contour of the country to

a considerable extent, while here and there patches of altered

sediment are to be found in contact with the rock.

The east and west dyke north of Cocklerue seems to be related

in origin to these dolerite sheets. Their composition is practically

identical, and the micropegmatite is found aggregated in patches in

those places where the dyke is thick, as on the west side of Preston
near the larger sheet. It was found impossible to trace the dyke
within the sill, and it seems probable that they both form parts of

the same intrusion. G. w. G.

South of Cocklerue the intrusion is irregular, appearing some-
times as a dyke and sometimes as a sill running in a general north

and south direction along the summit ridge of the hills. A chilled

margin transgressing the lavas and ashes and proving the intrusive

nature of the dolerite is exposed on the southern shoulder of

Cocklerue, and at the northern end of the quarry at Wairdlaw. An
interesting section of the base of the sheet on the western face of

Cocklerue shows numerous sills of fine-grained dolerite from a few
inches to 2 ft. in thickness, separated by bands of fine dolerite

breccia. The breccia must have been formed during the period of

intrusion, from an early consolidated part of the magma, which was
injected by successive intrusions, the edges of which are chilled

against the breCcia.

As the large east and west dyke, which passes along the southern

end of the Torphichen sill, approaches the north and south intrusion,

it widens out and passes insensibly into the sill, whilst it is not

known to crop out on the east side of the latter. The dolerite of the

dyke and that of the sill are indistinguishable both in hand specimens

and in microscope shdes, and the conclusion seems warranted that

the north and south intrusion and the Torphichen dyke are parts of

one and the same intrusive mass.

On Cairn-naple Hill the north and south intrusion assumes a

dyke-like habit, and runs as a narrow ridge in a southerly direction

to the Knock. H. B. M.

The dyke intrusion of the Knock thins rapidly as it approaches

an east and west dyke which lies across its path, so that the band

passing through the latter is only 3 ft. across and correspond-

ingly fine in texture. To the south of this dyke it makes a short

digression to the west and may then be followed by isolated exposures

. * H. W. Monokton, Quart. Jow. Choi. 8oc., 1895, vol. li. p. 480. See also J. D.
Falconer, Trans. Boy. Soc. Edin., vol. xlv. p. 144.
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southward to the Eavencraig, Here the intrusion appears as a
sheet, similar to its habit at Cocklerue, and is seen at points markedly
inclined to the east, contrasting with the westerly dip of the sediments
among which it is intruded (Fig. 19).

The base of the sheet at Eavencraig dips to the north-east at an
angle of 45° and the ashes on its eastern side also dip to the north-
east at about 20°, although the actual junction, where exposed, is

vertical. In fact the

sheet has brought
the beds resting on
its dip slope into

general parallelism

with itself. The in-

trusion continues to

behave in this way
along its outcrop
farther south through
Whitelaw; and no-
where is the contrary
dip more clearly seen
than in the effects

produced by a fault

which crosses the
hills about midway
between that and
Eavencraig (Fig. 19).

It displaces the out-

crops of the bedded
rocks and of the sheet
in opposite directions

in accordance with
their contrary dip.

South of this fault,

for a short space
the sheet lies at a
lower angle than
usual, and a fine-

grained offshoot ex-

tends from it into a
bed of ash, where it

behaves as a true sill

(Fig. 19). South of

E » W, THE KNOCK
DYKE rNTRUSION

•/Z MILE.

Fig. 19.—Map showing the intrusive sheet of Quartz
Dolerite at Eavencraig.

Bathgate there is evidence to suggest that the sheet is again dis-
placed to the east by the large fault that terminates the Bathgate
Hills. The ground, however, is far too obscure to allow of certainty
on this point. ''

From these facts it is obvious that the sheet is earlier than
the east and west fault that traverses it, and it may be asked
IS it also earlier than the folding ? To this question we cannot
give a definite reply, but we may notice that the sheet-like habit
cannot be entirely due to the folding of a dyke, but is ii

clearly original, though perhaps modified by later movements.

£. B. B.

is in part
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EAST AND WKST DYKES.

Brief allusion may now be made to the east and west dykes

of quartz dolerite, some of which have already been referred to. The
upper surfaces of these dykes are often irregular, and give rise to

discontinuous outcrops. The dyke that runs through Parklycraigs,

about half a mile south of Linlithgow Poorhouse, is interrupted in the

neck farther east, while south-east of Kingscavil it appears to end in

a vertical face as the oil-shale has been wrought across its trend to

within a short distance of its outcrop without any trace of it being

found.

Exposures of these dykes are sporadically distributed over the

sheet. The great dykes that traverse the coal-fields of Lanarkshire

and Stirlingshire in the northern part of Sheet 31 (one-inch map) cut

across the lavas of the Bathgate Hills and enter Sheet 32. Between
Mid-Calder and Clubbiedean Eeservoir, and also within the city

of Edinburgh and its suburbs, others have been traced for short

distances. G. w. G.

In the Mid-Lothian basin a dyke of basalt traversing the Upper
Limestone group is exposed in a small wood near the viaduct over

Brunstane Burn. Its direction is nearly east and west, but it is not

known to extend as far west as the outcrop of the Edge Coals. A second,

parallel dyke, about 100 yds. south of the above, has been met with

in the Lower Limestone group in the Niddrie Collieries, in a crosscut

a little south of Brunstane Burn. Other two, which are nearly in a line

with those at Brunstane, are known to cut the strata near Wallyford,

on the eastern side of the basin. The more southerly one, about

10 ft. broad, has been pierced at the Wallyford Colliery in the

workings of the Five-foot Seam, where it is thin and whitened to the

centre. The next occurs only a short distance to the north and had,

at the time of the revision, been pierced to the extent of 40 ft.

without reaching the other, side.

Another dyke, about 100 ft. thick, runs out to sea opposite

Prestongrange, where it serves as the foundation of a harbour wall.

It has been met almost vertically below its surface outcrop in

the workings of the Great and Jewel Seams, though the latter are

120 fms. below sea-level. The most northerly dyke does not appear

at the surface in this area, but runs out to sea from Cockenzie

Harbour in Sheet 33, where it is about 100 ft. in thickness and

unaccompanied by faulting. It is being approached from Preston-

grange Colliery. These dykes spoil the coal and are themselves

bleached where they come in contact with it. In those cases where

they have been pierced, the level of the seams on either side is not

altered to any appreciable extent.

w, G., E. M. A.



CHAPTEE XV.

THE PETEOGEAPHY OF THE CAEBONIFEEOUS VOL-
CANIC EOGKS OF THE EDINBUEGH AND LIN-

LITHGOW DISTEICTS.

From the days of Hutton the igneous masses around Edinburgh
have received a great deal of attention from geologists. The older

writers described them under the names of whin, greenstone, trap,

amygdaloid, porphyry, basaltic clinkstone and basalt, and in the first

years of last centtiry controversy regarding their mode of origin

raged between the opposing schools of Wernerians and Huttonians
(Neptunists and Plutonists). Jameson and his pupils (following in

the footsteps of Werner) adopted a very detailed classification of the

rocks, founded on their external characters. The Huttonians were for

the most part less skilled in mineralogy than their opponents ; but
Lord Greenock and Eobert Allan have left careful descriptions of the

rocks of Edinburgh Castle and Arthur Seat. In his " Essai G^ologique
sur L'^^cosse " Boui^ has given an account of the superficial characters of

the igneous rocks of the Lothians, which is not only in advance of all

the work of his predecessors, but was not improved on for many years

after the publication of his memoir. Jameson had not published any
geognostieal description of the rocks around Edinburgh, though he
had devoted much attention to them, and Bou^, who was a pupil of

Jameson, embodies in his work the principal results of his master's

investigations, supplemented by the knowledge gained from an
acquaintance with the more recent volcanic rocks of Auvergne and
the Vivarais. He had also consulted Hatiy and Cordier, and hence, as

a petrologist, was especially well trained. He divided the rocks into

two classes, the " dolerites " and the " basalts," and recognised that
they consisted essentially of felspar, augite and iron oxide (often
titaniferous), and that many of them contained olivine. Zirkel in his

Basaltgesteine * mentions the Edinburgh Castle rock, and the basalt
which forms the summit of Arthur Seat, but microscopic investigation
of the rocks of the Edinburgh district begins really with Allport's
paper on "British Carboniferous Dolerites." f It is probable that
before this time sections of some of the Arthur's Seat rocks had been
prepared by Bryson,t following the methods of Witham, but if so no
record of his observations is available at the present day. AUport
gave descriptions of about twenty rocks from Mid-Lothian and West
Lothian. He did not propose to subdivide them into groups, but
called them basalts, porphyritic dolerites and coarsely crystalline

dolerites; and considered that the Corstorphine Hill rock was a

* r. Zirkel, " Mikroakopische Struktur und Zusammensetzung der Basaltgesteine "

1870, p. 126.

t Qibart. Jour. Oeol. Soc, 1874, vol. xxx. p. 529.

t Sir A. Geikie, " Founders of Geology," 1905, 2nd ed. p. 464.
287
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gabbro. His main contention that there was no essential structural

or mineralogical distinction between them and the dolerites and
basalts of Tertiary age has now received universal acceptance.

The next contribution of importance to the petrography of the

district is found in Sir A. Geikie's well-known paper on the Carboni-

ferous volcanic rocks of the Firth of Forth basin. He adopts the

following classification : (1) diabases, coarsely crystalline or granitoid
;

(2) dolerites, finely crystalline or crystalline granular, rarely porphy-

ritic, often ophitic, and sometimes containing traces of a glassy base

;

and (3) basalts, with numerous phenocrysts in a fine groundmass.*
He recognised that the Inehcolm rock, which had been described as

resembling serpentine by Bond, was a typical picrite, and that a similar

mass occurred at Blackburn. Many important features of the micro-

scopic structure of these rocks were for the first time described by Sir

A. Greikie, and his paper will be frequently referred to in this chapter.

Dr. Teall has given an account of the Carboniferous dolerites of

Mid and West Lothian, which is partly based on the work of Allport

and Sir A. Geikie, but contains also a number of new observations.

Among these the most important are the occurrence of quartz

hypersthene dolerite at Eatho, and of dolerite rich in analcite and
approaching the teschenites (Carcraig). Both these types have
proved to be abundant and well characterised in the area in question.f

In 1888 a paper by Dr. E. Stecher on the contact phenomena of

the Scottish olivine-diabases appeared in Tschermak's Mineralogische

Mittheilungen.X The material on which he worked had been collected

by Sir A. Geikie, who placed it in the hands of Professor Zirkel

at Leipzig. In this paper many of the best-known contacts in

the district received detailed microscopic and chemical study, and
the work of Hall, Sorby and Sir A. Geikie on this subject was con-

firmed and extended. In 1893 Mr. J. G. Goodchild identified the

picrite mass associated with dolerite in Barnton railway cutting, and
subsequently a paper by Mr. H. W. Monckton appeared, giving fuller

details and microscopic descriptions of the minerals.§

The results of a revision of all the Carboniferous volcanic rocks

of Central Scotland by Dr. F. H. Hatch were given in brief summary
in Sir A. Geikie's presidential address to the Geological Society of

London in 1892.|| Dr. Hatch's work was continued by Professor

W. W. Watts, who amplified and to some extent modified his classifica-

tion, and Sir A. Geikie has made use of the revised grouping of the

igneous rocks in his " Ancient Volcanoes."1[ The large collection of

Carboniferous volcanic rocks from the Edinburgh and Linlithgow

districts, made by Sir A. Geikie and the Geological Siirvey of Scot-

land and investigated by Dr. Hatch and Professor Watts, has been

re-examined in preparation for this chapter, and the subdivisions

laid down by these two petrographers will be adopted as far as

seems desirable. Much new material has been forwarded by the

* Trans. Roy. Soc. Edin., 1880, vol. xxix. p. 437.

t J. J. H. Teall, " British Petrography," 1888, pp. 186 et seq.

{ Tschermak's Mineralogische und Petrographische MiUJieilungen, 1888,vol. ix. p. 145.

§ J. G. Goodchild, " Note on the Minerals Observed in the Railway Cutting^at

Barnton, near Edinburgh," Trans. Oeol. Soc. Edin., 1893, vol. vi. p. 301.

H. W. Monckton, On a Picrite and other Associated Kooks at Barnton, near
Edinburgh," QuaH. Jour. Geol. Soc, 1894, vol. 1. p. 39.

II
Quart. Jour. Geol. Soc, 1892, vol. xlviii. Proceedings, p. 136.

^ Sir A. Geikie, " Ancient Volcanoes of Great Britain," 1897, vol. i. pp. 417 et seq.
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officers engaged in revising the maps and sliced for microscopic

examination. The additional information gained has necessitated

the introduction of certain supplementary groups.

If we exclude the picrites and mugearites, both of which are

somewhat rare, the great majority of the post-Devonian igneous

rocks of this sheet fall naturally into two fairly well-defined groups

which have been recognised by practically all writers on the subject,

namely, the non-porphyritic and coarse-grained dolerites and
teschenites, and the porphyritic dolerites and basalts. The rocks of

first group are all of intrusive origin and form the larger sills and
laccolites together with the east and west dykes and many smaller

intrusions. Glassy material is comparatively uncommon in the

dolerites except at their chilled margins. They are rarely

amygdaloidal ; do not exhibit fluxion structure except along their

edges, and weather usually in a well-marked spheroidal manner.*
As will be seen from the map, there are two groups of these

coarsely crystalline dolerites (diabases) in this sheet, both occur-

ring in considerable numbers and forming many large sills or lac-

colites. They are (1) the olivine dolerites and teschenites (with some
rocks which may belong to the essexites) and (2) the quartz dolerites,

which contain interstitial quartz and are typically free from olivine.

The picrites are basic facies of the teschenites.

The porphyritic dolerites and the basalts form nearly all the lava

flows and a limited number of the smaller intrusive masses in the

district. They are not uncommonly amygdaloidal and fluidal, and
when perfectly fresh the presence of a small amount of glassy base

may often be established, but in the more coarsely crystalline types

(dolerites), and when the rocks are decomposed, this cannot be traced.

The phenocrysts are usually conspicuous in the hand specimens ; but
in the microscopic sections it is seen that the finely crystalline, or

partly vitreous, groundmass is the main constituent. Porphyritic

olivine is practically universal. Rocks of this group occur also as

intrusive masses usually associated with lavas and tuffs ; but intrusive

and interbedded types cannot always be separated on the ground of

microscopic character.

The N"ON-POEPHYEITIO, GKANULAK-CRYSTALLmE DOLEKITES
(Diabases), Teschenites and Essexites.

I. OLIVINE DOLEKITES, TESCHENITES (ANALCITE OLIVINE DOLEEITES)

AND ESSEXITES (WITH THE PICEITES).

The rocks of this group are distinguished not only by the occur-

rence of olivine but also by many other peculiarities which render
them recognisable even when the olivine has entirely decomposed.
The chief of these are the purplish colour of the augite and its frequent

zonal structure, the abundance of apatite, the frequent presence of

reddish brown biotite. Furthermore analcite occurs only in this

group.

The olivine forms rounded grains, not usually with crystal

outlines. Very few of the rocks show this mineral in a fresh

condition. It decomposes into green serpentine, and thereafter

* Sir A. Geikie, " Ancient Volcanoes of Great^Britain," vol. i. p. 465.
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into calcite and limonite. The augite is occasionally clear pale

greenish brown, but usually has that purplish tinge which is

supposed to indicate a considerable percentage of titanium. Zonal
structure is not uncommon, but is far from universal. The margins
are often purplish brown, while the centres are brown or greenish

;

hour-glass structure may at times be detected. Not unfrequently
there is simple or repeated twinning on the orthopinacoid. Clear

green and greyish green colours are also seen, but only rarely. The
usual prismatic cleavage is, in a few cases, accompanied by another
parallel to the orthopinacoid, as was remarked by AUport in the

diabase of Corstorphine Hill. In polarised light the augite often

yields blue and brown interference colours, owing to a marked
dispersion of the optic axes, and this is more evident in sections

perpendicular to the A axis than the B axis. The margins of the

pyroxene crystals are occasionally green, apparently through
decomposition, and in many rocks the augite is represented only

by spherulitic or irregular aggregates of chlorite, with calcite and
sometimes epidote ; m-alitisation is distinctly rare.

Biotite in dark chestnut-brown scales, changing to pale brown
when the polariser is rotated, is very widespread in the olivine

•dolerites, but does not occur abundantly in any of them. It is

most commonly adherent to the surface of irregular crystals of

titaniferous iron oxide. Brown hornblende appears occasionally

in some rocks, as at Inchcolm, Barnton and Whitehouse Point,

but is much less frequent than biotite.

The felspars are of two kinds, plagioclase and orthoclase. The
plagioclase has the typical broad or narrow lath-shaped outlines

characteristic of the dolerites. They are twinned on Carlsbad,

albite and pericline plans and belong for the most part to bytownite
and basic varieties of labradorite. Occasionally they are zoned,

though this is not pronounced, and a narrow outer portion may
show transitions to andesine and oligoclase. In many of the

teschenites orthoclase occurs. It is simply twinned or untwinned
and has a streaky or patchy character between crossed nicols

which indicates that it is rich in soda. Here and there a regular

microperthite structure may be seen. It weathers in a different

way from the soda-lime felspar, and has a lower refractive index

and double refraction. Many of the slides contain only a very

small amount of orthoclase, while in other rocks and other portions

of the same rock it is very conspicuous in the sections. Where
it surrounds plagioclase the zone which separates it from the

basic cores may be much decomposed, and the fresh appearance

of the orthoclase, especially where it adjoins miarolitic cavities,

suggests that it may be partly secondary.

The iron oxides are usually titaniferous magnetite, in small

octahedra and in large open networks or skeleton crystals. Apatite

is very common in long hexagonal needles of considerable size.

They often have a central cavity. Calcite, chlorite and analcite

are the principal secondary products, with leucoxene, limonite,

pyrites and serpentine. Epidote and uralite are rare. Zeolites

- are very frequent and occasionally, where decomposition is advanced,

secondary quartz makes its appearance.

Olivine Dolerites.—One of the best known and freshest olivine
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dolerites of this sheet is that of Dalmahoy and Kaimes Hill which
has been described by AUport, Sir A. Geikie and Dr. Teall* It

contains many small grains of olivine, mostly represented by green

patches of serpentine with small fragments of the undecomposed
mineral in their midst. The augite is of a pale brown colour, not

usually zonal or dichroic. It is partly euhedral and partly encloses

lath-shaped felspars in ophitic fashion. The felspar, which takes

the form of short prisms, is mainly a basic variety of labradorite,

near bytownite, with narrow, more acid marginal zones. Orthoclase

is absent or can be present only in very small amount. The other

ingredients are apatite and small grains of titaniferous iron oxide.

The structure of this rock, as indicated above, is partly ophitic, but

the augite is not abundant and there are extensive patches of finely

crystalline interstitial material. These are more felspathic than the

rest of the rock and consist of chlorite and small prisms of felspar

which are often imperfect or brush-shaped. They may also occur

as plumose outgrowths on the ends of the larger felspars of earlier

formation. The iron oxides in these interstitial areas are minute,

dust-like granules and plates. Analcite has not been observed in

any slides of this rock, but in specimens from Hannahfield there

is a very little interstitial quartz, which may, however, be secondary.

In the Hannahfield quarry, also, specimens may be obtained in

which the interstitial material is a perfectly fresh, brown glass,

containing skeleton crystals of felspar, acicular prisms of augite

and grains of iron oxide.

In its petrographical characters the Dalmahoy sill is not very

closely related to any other rock of the same group in this sheet.

Most of the olivine dolerites which are within a few miles of it

are much decomposed, but contain analcite and present other

features which link them with the teschenites. In Sir A. Geikie's

paper a coloured figure of a slide of the rock is given.

Near Edinburgh there is a group of siUs which present some
features in common. They contain little or no analcite though
zeolites are rather abundant in some specimens. These are the

rocks of Corstorphine Hill, to the west of Edinburgh, and of

Hawkhill and Lochend, between Edinburgh and Leith. Specimens
from Corstorphine Hill Quarry have been frequently described;

the rock is a diabase, much decomposed; it shows pseudomorphs
after olivine, brown augite (fresh or altered into chlorite) and more
or less weathered felspar. Ophitic structure is usually well marked
in the rock slides. Analcite is absent, but zeolites occur, especially

in veins in the rock. Titaniferous iron oxides, needles of apatite

and a little biotite are also present. This diabase is so much
decomposed that it does not invite minute description.

In its northward extension the Corstorphine Hill sill is inter-

sected by the railway cutting near Barnton Station. In this locality,

as has been described by Goodchild, Mr. H. W. Monckton and Sir

Archibald Geikie, the mass consists principally of picrite with veins

and smaller sills of diabase. The rock at the west end of the cutting

is a coarse ophitic diabase, very similar to that of Corstorphine Hill,

* S. Allport, Quart. Jour. Oeol. Soc, 1874, vol. xxx. p. 555. Sir A. Geikie, Trana.
Soy. Soc. Edin., 1879, vol. xxix. p. 518. J. J. H, Teall, " British Petrography," 1888,

p. 190.
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but containing a little more biotite. The augite is fresh, but the

felspars are much decomposed. The smaller intrusions to the east

of the main mass belong to a peculiar type, rich in biotite, and have

been described by Mr. Monckton as mica-porphyrites. They are

comparatively fine grained with a slight tendency to porphyritic

character owing to the presence of larger crystals of felspar and
augite. In the hand specimens some of them show white spots

which prove in the sections to be areas rich in zeolites. Presumably
these rocks contained olivine, though this is only an inference drawn
from the shapes of certain green pseudomorphs which may represent

that mineral. The augite is purplish brown and very often is

penetrated by felspar prisms in an ophitic manner, though eumorphic
crystals also occur. A dark brown variety of biotite, biaxial but
with small axial angles, is an important ingredient, and usually is

attached to the surface of the titaniferous iron oxides. The latter

seem to be mostly ilmenite, in flattened or fenestrated scales. The
most peculiar feature of these rocks, however, is the nature of the

felspars. These form small, imperfectly shaped prisms, which may
be embedded in the augite but mostly build up a hypidiomorphic
matrix. In the finer marginal facies there are small phenocrysts in

subparallel fluxion arrangement. The felspars are either orthoclase

or polysynthetic plagioclase, which from its low refractive index and
small angles of symmetrical extinction belongs to oligoelase and
oligoclase-albite. The latter is never idiomorphic but crystallises in

irregular plates between the plagioclase crystals.

Essexites.—The Hawkhill and Lochend sills have much affinity

with the smaller intrusions at Barnton. These are on the whole fine

grained, though in both cases the sills are complex and seem to be

made up of successive intrusions of which the later brecciate the

earlier and show chilled edges against them. There is no pronounced
porphyritic character, and the pale brown augite is partly ophitic

and partly eumorphic. Dark brown biotite in small scales clinging

to the iron oxides is a frequent ingredient. At Hawkhill there is a

spotted variety with white patches about an eighth of an inch across,

exactly similar to the spotted rocks from Barnton, above described.

These spots are full of decomposition products and probably contain

granular, doubly refracting analcite. At Barnton they consist of

zeolites ; in neither case do they show any crystalline form though
their rounded shapes might suggest leucite. At Hawkhill and
Lochend the prevalent felspars again are acid, and basic plagioclase

is wanting; they are oligoelase and oligoclase-albite in elongated

imperfect prisms with a little interstitial untwinned or simply
twinned orthoclase. There is no fresh olivine in these rocks, and it

is very doubtful whether this mineral was originally present as no
characteristic pseudomorphs after it can been recognised.

The relationships of the Corstorphine, Barnton, Lochend and
Hawkhill masses to the teschenites of this sheet are obscure. No
teschenitic facies are developed at any of these localities ; analcite

is absent or very scarce ; olivine may be present or absent ; the

augite has not the full purple colour nor the marked dispersion of

the axes seen in that of the teschenites. It is probable that these

are a closely related group, but not identical with the teschenites,

and their chief distinguishing feature is the occurrence of acid
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plagioclase and orthoclase in place of basic plagioclase, orthoclase

and analcite. Their natural affinities seem to be with the essexites.

A chemical analysis of the Lochend rock was prepared by Mr. E. G.

Eadley, and is given below with those of other essexites for comparison.

Analysis III. represents an essexite from Craigleith, near North
Berwick, which has been described in the memoir on East Lothian

by Mr. E. B. Bailey. In some respects it is more typical than the

Lochend rock as it contains a higher amount of alkalies and notably

more potash. It is also in better preservation, as may be seen from
the percentages of water and carbonic acid stated in the analysis.

This essexite from East Lothian belongs also to an area in which
teschenites, analcite dolerites and olivine dolerites are present.

II. III.

SiOs
TiO^
AljOs
Fe^Oa
FeO
MnO
(CoNi)O
BaO
SrO
CaO
MgO
K^O
Na20
LijO
H2O (105°)

HjO (above

P2O5 ..

FeSj .

.

CO, ..

105

48-63
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Lothian have been described by Professor E. B. Young * and there

are also examples of them in the east of Fife, near Anstruther.f

These rocks are always holocrystalline and usually rather coarse

grained. Although very often the augite is penetrated by lath-

shaped sections of felspar, so that the structure is partly ophitic, it

is equally common to find the pyroxene mostly in idiomorphie

crystals. In some of the finer grained rocks there is a tendency to

the development of porphyritic structure, owing to the presence of

larger crystals of euhedral plagioclase and augite. Olivine is prob-
ably always an ingredient of these rocks though it is never preserved,

and its original presence can only be inferred from the shapes of its

pseudomorplis. Purplish brown augite, with marked dispersion of

the optic axes, is constantly present and is very characteristic of

these teschenites. It is distinctly pleochroic, and often shows zonal

and hour-glass structures. The early felspars are bytownite and
basic labradorite, passing near their edges into andesine and oligo-

clase. Orthoclase, apparently rich in soda, appears in varying
quantities in different rocks and in different specimens of the same
rock. In narrow bands it surrounds the earlier formed plagioclase,

and it may also occur in broad, simply twinned crystals which form
patches in the rock containing a central, irregular area of analcite.

These closely resemble the miarolitic spaces of certain granites, as

there has been a progressive crystallisation from the outskirts to

the centre of the area. Around them lies the ordinary rock matrix
consisting of iron ores, olivinej augite and basic plagioclase. The
orthoclase may show idiomorphie terminations where it impinges on
the analcite, but frequently it has ragged, indefinite borders, or

occurs in quite shapeless masses among the analcite and looks like

a secondary mineral. There are other cases in which perfectly

shaped crystals of clear alkali felspar appear among analcite and
chlorite, while more rarely this water clear felspar is in hollow or

imperfect forms.

Biotite, of rich brown colour and strong pleochroism, is found in

many of the teschenites, but only in small amount. It is nearly

uniaxial. Hornblende is much less common, being absent from the

great majority of these rocks. It is confined to a few facies, rich

in analciibe, and to certain pegmatites or segregation veins. It is

always of a dark brown colour. With the augite it forms parallel

growths, the amphibole being usually external ; they have the prism

zone and the plane of symmetry in common. Other crystals of

hornblende are free from augite ; they are short or elongated prisms

with the characteristic cross-section of amphibole ; the extinction

aiigle (Z : c) seems to be about 12°. The pleochroism of the horn-

blende in the tesehenite of Whitehouse Point is Z dark brown, Y
paler brown, X clear yellow (absorption Z>Y>X).

The analcite may be pellucid and nearly free from enclosures, or

turbid and semi-opaque. Though often isotropic, it frequently shows
anomalous double refraction, giving dark grey tints in polarised

light. It may show cleavage distinctly, especially in the thinnest

parts of the slides. In some rocks the place of analcite is filled with

* Toung, B. B. An analcite diabase and other rooks from Gullane Hill, Trans.
Min. Geol. Soc., 1906, vol. viii. p. 326.

t
" Geology of East Fife," Mem. Geol. Sur., 1902, p. 392.



Teschenites. 295

clusters of radiate prismatic zeolites, and it is possible that these

may sometimes have formed from the decomposition of analcite.

Heddle * records the occurrence of pseudomorphs of pectolite after

analcite in cavities in the quartz dolerite of Eatho.

The analcite is never idiomorphic except v^here it occurs in

cavities and veins along with secondary minerals such as chlorite

and carbonates. Its usual mode of occurrence is as an interstitial

material filling up angular spaces between the other elements of the

rock. The boundaries of these spaces are often formed by orthoclase,

but in other cases by plagioclase or biotite. The primary minerals,

which occur in the spaces with analcite, are apatite, felspar and
biotite ; augite and iron oxides are seldom seen in the analcite.

The apatite and plagioclase are needles or elongated prisms which
penetrate the analcite to some distance. Orthoclase occurs as

broader prisms, which may be idiomorphic or irregular where they

abut against the analcite, or may form shapeless areas within it.

Analcite occurs also as an undoubtedly secondary mineral, filling

cracks in plagioclase and orthoclase felspar, and easily recognised by
its isotropic character and low refractive index. In nearly all the

teschenites this phenomenon appears, and often a large part of the

plagioclase is replaced by analcite. Indeed, instances are not un-

common in which the early plagioclase, which penetrates augite

and produces ophitic structure, is represented only by lath-shaped

sections of analcite, more or less turbid and mixed with secondary

products.

The origin of the analcite of the teschenites has often been
discussed. In the teschenites of Arranf Professor Corstorphine

regarded it as secondary after nepheline, but Mr. HarkerJ thinks

it is primary. Professor Young § holds that in the teschenite of

Gullane Hill it is most probable that the analcite is secondary after

felspar. The same difficulties of interpretation have arisen with
regard to the Moravian teschenites described by Eohrbach

|| and
Eosenbusch and the Portuguese rocks of this class which were
studied by Macpherson.lT In recent years new light has been thrown
on this problem by Professor Lacroix's ** discovery of fresh nepheline
in teschenites from Madagascar and Portugal, and in the well-

known teschenite (" olivine dolerite ") of Crawfordjohn in Lanark-
shire. This proves that some of these rocks at any rate contain

this mineral. Eosenbusch ff has also found nepheline in the

Moravian teschenites.

These nepheline-bearing teschenites are post-Carboniferous ; the

Edinburgh teschenites are presumably Carboniferous and in accord-

ance with their greater age they are more decomposed. Nepheline
has not been detected in any of them, and there is not much hope
that it will yet be found. From the evidence above given in

* Heddle, M. F., The Mineralogy of Scotland, 1901, vol. ii. p. 32.

t Corstorphine, 6. S., Tsckermak's Min. Pet. MiUheil., 1895, vol. xiv. p. 443.

} Harker, A., Mem. Oeol. 8wr., North Arran, etc., 1903, p. 113.

§ Young, R. B., Trans. Edin. Qeol. Soc, 1905, vol. viii. p. 331.

II
Eohrbach, C. E. M., Tsckermak's Min. Pet. MiUheil., 1886, vol. vii. p. 1.

i[ Maopherson, J., Oommun. da Commissao do Trubalhos Qeologicos de Portugal,

1883, vol. i. p. 89.
** Laoroix, A., Comptes Bendus, 1900, vol. oxxx, p. 127.

tt Rosenbusoh, H., Miiroskopische Fhysiographu, 1907, voL ii. pt. i. p. 431.
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reference to pseudomorphs of analcite after felspar it is clear that

much, if not all, of this mineral is secondary. This conclusion is

necessitated also by the frequency with which the analcite encloses

chlorite and carbonates. The chlorite of these rocks, at any rate,

is no longer regarded as jprimary. It often occurs in beautiful

vermiform growths embedded in transparent analcite.

At the same time, however, there seems no reason why part of

the analcite might not have been primary in a sense, that is to say

the last product from a magma which was becoming progressively

richer in vapours as crystallisation proceeded ; the early minerals

containing very little of the elements of water in their composition.

This view has been advocated by Pirsson * and by Pelikan.f • The
experimental work which has been carried out by various scientists

on analcite has led Doelter | to conclude that it cannot have
formed at temperatures higher than 500°. On this supposition it

becomes very closely allied to the post-volcanic or pneumatolytic
components of rocks, to which many of the zeolites belong. The
Ediiiburgh teschenites do not furnish evidence likely to be conclusive

on this point. Much of the analcite is clearly secondary, and from
the way in which it replaces bytownite there seems good reason to

believe that secondary processes have led to an enrichment of these

rocks in soda. The remainder may be " primary " or secondary, and
if secondary is more likely to have formed from nepheline and
sodalite than from felspar.

The best known of the teschenites of this sheet is that of

SaKsbury Craigs ; it is much decomposed, the olivine being replaced

by serpentine, while the augite and felspar also are never entirely

fresh. Biotite occurs in small quantity and there is a limited

amount of alkali felspar. Analcite varies in abundance and many
of the interstitial spaces are filled with calcite, chlorite and secondary

quartz where the rock is much decomposed. The augite has a

purplish colour and marked dispersion: the structure is partly

ophitic and partly idiomorphic. Another teschenite occurs in the

suburban railway cutting near Craiglockhart Station. It is very

similar to that of Salisbm'y Craigs. Some of the sections of these

rocks show well the permeation of basic plagioclase by veins of

secondary analcite. This is still better seen in the small sill which
outcrops on the shore to the east of the mouth of the Almond Eiver.

Many specimens from this locality have their felspar entirely

replaced by analcite and other secondary products, while the outlines

of the original crystals are still preserved and the ophitic relations

to the augite are also clear. The abundance of biotite in this rock

is unusual, but in this respect it resembles the small teschenite sill

which lies to the west of Cramond. There is sometimes a good deal

of untwinned or simply twinned orthoclase (rich in soda) in these

rocks, and it may be much fresher and less infiltrated with analcite

than the plagioclase. The augite is of a rich purple colour and has

a strong dispersion.

A large and important teschenite sill occurs in Dalmeny Park
forming Mons Hill and reaching the sea at Whitehouse Point

* Bulletin U.S. Geol. Survey, 237, Highwood Mountains, 1905, p. 156.

t Pelikan, A., Tschermak's Min. Pet: MiUlieil., 1906, vol. xxv. p. US..

% Doelter, C, Tachermak's Min. Pet. Mittheil., 1906,vol. xxv. p. 97.
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(Plate XI. Fig. 1). The rock from Crossall Hill, described and
figured by Sir Archibald Geikie, seems to come from this mass near

its south end, where it is quarried beside the road to South Queens-

ferry. Other outcrops of teschenite surround this one, at Craigie,

Craigbrae, Dundas Castle, Lindsay's Craigs and Winchburgh. Some
of these rocks are in very fair preservation, while others are much
decomposed. They all contain augite of purple colour ; biotite is

much less common and hornblende appears only at Whitehouse
Point. The prevailing felspar is bytownite and labradorite, but

much orthoclase or anorthoclase appears in some of the specimens.

It forms broad, simply twinned crystals, and its presence was

remarked by Sir Archibald Geikie, though it was subsequently dis-

credited by Dr. Stecher's observations. The microscopic sections

contain much apatite in large long prisms, and reticulate or skeleton

octahedra of titaniferous magnetite which are often coated with

scales of dark brown biotite. Small crystals of plagioclase are often

enclosed in the pyroxenes. Analcite varies considerably in abundance
but is never absent ; in some rocks groups of radiate acicular zeolites

fill its place.

The rock of Whitehouse Point is the most typical teschenite of

this district, if we accept the definition of that term which was
formerly current, as it contains much dark brown amphibole and
is not ophitic. Analcite is exceedingly plentiful in the specimens

sliced, while the felspar is greatly decomposed, having been replaced

by turbid analcite, mica and other secondary products, but calcite is

by no means abundant. Here and there remains of basic plagioclase

are visible, still showing their twinning and high refraction but

everywhere surrounded and penetrated by analcite. Eemains of

olivine are scarce. The hornblende is dark brown and has the

properties above described ; it is mostly in parallel intergrowth with

augite, but also occurs in separate individuals. A secondary amphi-
bole of remarkable deep green colour is also present. Biotite is less

frequent than hornblende and resembles it closely in colour and
pleochroism. The other original ingredients of this rock are apatite

and titaniferous magnetite. Calcite fills miarolitic spaces and
chlorite also is fairly common.

The association of non-ophitic teschenites, rich in hornblende,

with partly ophitic types in which hornblende is absent, has been
described from Moravia by Eohrbach. In this locality, however,
they form parts of the same intrusive mass, the hornblende-

bearing variety being a marginal facies not occupying any consider-

able area. An analysis of the Mons Hill teschenite is given

below.

Another group of teschenite sills occurs in the Linlithgow and
Bangour districts. The following instances may be cited : Wester
Ochiltree, one and a half miles south of Wester Ochiltree, Mochrie's

Crag and Kingscavil. The diabase which accompanies the leckstone

or picrite of Blackburn is a much decomposed teschenite and is

rather rich in analcite. These rocks contain no hornblende and
usually little biotite. Many of them show a fair amount of ortho-

clase and they are often very rich in analcite. It increases with
decomposition, replacing the felspars over considerable areas of the

rocks, and these have sometimes a rounded outline, giving the hand
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specimena a spotted character. This is well seen in the teschenite

of Mochrie's Crag, and recalls the similar appearance presented by
some specimens of the Hawkhill sill. Most of these intrusions are

rather fine grained with idiomorphic augite, and not ophitic ; in fact,

they tend to have a finely porphyritic structure owing to the

euhedral character of the plagioclase and pyroxene, while the

analcite often resembles a colourless, turbid or transparent, isotropic

groundmass.
Segregation or Contemporaneous Veins.—In all the diabases,

teschenites and picrites of this sheet segregations may occur forming
veins or irregular patches in the mass of the rock. They vary from
less than an inch up to a foot or more in diameter, and often branch
or form an anastomosing network. As a rule they do not show
chilled edges and must have originated at a time when the mass had
solidified but was still hot. They have much the same relationship

to the rocks in which they occur as the pegmatites and aplites have
to the granites. A 'certain connection exists between the composi-
tion of these veins and that of the rock which they intersect, and
this is sufficient to show that they are not of foreign origin but
come from the same magma. In the quartz dolerites they contain

quartz ; in the olivine dolerites and teschenites quartz is absent, but
there is much alkali felspar, green augite, dark brown hornblende
and biotite, though often no analcite.

Good examples of these veins are furnished by the diabase of

Barnton railway cutting. Their mode of occurrence has been
described by Sir Archibald Geikie.* They are pale in colour and
consist mainly of felspar, which is often so much decomposed that its

optical properties are obscured, but includes both orthoclase and
plagioclase. The margin of one of these veins has a " comby

"

structure, being composed of long narrow felspar crystals which are

perpendicular to the walls of the vein. By optical and specific gravity

methods these were proved to be plagioclase (near andesine) and
orthoclase. The latter mineral was abundant and evidently con-

tained a considerable percentage of soda. The crystalline outlines

of these felspars were very imperfect. Mixed with these are dark

brown, bladed prisms of hornblende, idiomorphic in transverse

section (110, 010) but with tapering or pointed ends. The
pleochroism is X brownish yellow, Y chestnut brown, Z darker

chestnut brown; Z: c about 10°. A few small grains of bright

green pyroxene are also to be found in these veins but the usual

purplish augite is absent. The spaces between the felspars are

filled with radiate clusters of strongly polarising zeolites; sphene

(probably secondary), titaniferous iron oxides and chlorite are also

visible in the slides.

Irregular segregationary patches of similar character occur in the

mass of the diabase. They contain more of the bright green diopside,

which may form idiomorphic crystals : occasionally also much dark

brown mica, which may be in parallel growth with the hornblende.

It will be seen that while purple augite and olivine are common in

the diabase their place is taken in these veins by brown hornblende

and biotite, while alkali felspars, on the whole, are more abundant in

the segregations than in the mass of the rock. All the minerals of

* " Ancient Volcauoea of Great Britain," 1897, vol. i. p. 450.
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these veins, however, are found occasionally in the diabases and

teschenites.

In the Inchcolm picrite and teschenite there are thick felspathic

veins which consist of turbid, mostly untwinned, felspar (largely a

perthitic orthoclase), purplish brown and bright green idiomorphic

augite and decomposition products. Brown hornblende was not seen

in any of the slides*
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Picrites (Plate XI. Fig. 2).—No new occurrence of picrite has been

added to those ah-eady known* by the resurvey of the area included in

this sheet. They are the Inchcolm picrite, the Bathgate " leckstone
"

and the picrite of Barnton. They differ from the teschenites and
diabases with which they are associated only in the scarcity of felspar

and greater abundance of olivine and augite. Brown hornblende and
reddish brown biotite occur in most of them, and their structure

is sometimes rather coarsely poikilitic. In the field they are

easily recognisable by their dark green colour and ready de-
coniposition.

Of these the Inchcolm picrite is the best preserved and, from the
descriptions of Sir A. Geikie, Professor Judd and Dr. Teall, is one of

the best known of British picrites. It contains brown hornblende, in

addition to augite, and often in parallel growth with it. There is also

some biotite in the rock, and remains of weathered felspar. A coloured
plate of it appears in Dr. Teall's " British Petrography " (Plate VII.).
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The Bathgate picrite has been described and figured by Sir Archibald

Geikie in his paper on the Carboniferous volcanic rocks of the Firth

of Forth. This rock is more decomposed, contains less hornblende

and biotite, but is rich in analcite and weathered felspar ; in fact, it

shows close relations to the teschenite which occurs along with it.

The Barnton picrite has been described by Mr. H. W. Monckton and
the late Mr. J. Gr. Goodchild. It contains a little dark brown
biotite and secondary products after felspar (Plate XI. Fig. 2).

The analyses of the teschenite and picrite of Kusha Quarry,

Blackburn, given on page 300, show that the picrite is merely a

basic segregation from the teschenite and contains somewhat less

alkalies and alumina but more magnesia and iron. The Inchcolm
picrite, on the other hand, from Professor Judd's analysis, approxi-

mates more closely to the true ultrabasic type.

II. QUAETZ DOLERITES (QUAKTZ DIABASES).

The rocks of this group are more frequent in the area under de-

scription than the olivine dolerites and teschenites. They occur

not only as large sills but also as dykes. In the hand specimen it is

sometimes impossible to say to which of these classes a specimen
belongs, but quartz and reddish areas of micropegmatite may some-
times be detected in the quartz dolerites. Coarse-grained and
moderately fine-grained types are both common.

The quartz dolerites (quartz diabases) of the Bathgate and
Linlithgow Hills have recently been fully described by Dr. John
Falconer.* They are very similar in most respects to those

which occur throughout the counties of Edinburgh and Linlithgow,

and the results of our investigations do not differ from those

he has arrived at except in unimportant points. His paper is

accompanied by a useful series of analyses of these diabases and their

modifications.

The presence of quartz in the Carboniferous dolerites of Scotland
was noted by Allport,f especially in the North Queensferry sill ; he
regarded it as in all cases secondary. Sir Archibald Geikie was of

the same opinion. | Dr. Teall,§ in his investigation of the Eatho rock,

first established its primary nature. Dr. Stecher|| observed the
presence of quartz in the Hound Point and other sills. Mr.
Monckton IT found quartz in the Stirling dolerite, but was doubtful
whether it should be regarded as an original ingredient ; this rock
also contains hypersthene. Quartz dolerites have been described from
Arran by Professor Corstorphine ** and Mr. Harker,|f but these are
of Tertiary age. They show, however, many of the essential features

of those of the Lothians. Eepresentatives of this group occur also

in the east of Fife, fJ Probably they are abundant through the whole

* Falconer, J. D., " The Igneoua Geology of the Bathgate and Linlithgow Hills,"
Part II.

—"Petrography," Trans. Roy. Soc. Edin., 1906, toI. xlv.pt. i. p. 133.
|- Quart. Jour. Geol. Soc, 1874, p. 547.

j Trans. Boy. Soc. Edin., 1880, vol. xxix. p. 491.

I " British Petrography," 1888, p. 190.

II
Tschirmah's Min. Pet. MiitUil., 1888, vol. ix. p. 162.

% Quart. Jour. Geol. Soc, 1895, pp. 490-491.
** Tschermak's Min. Pa. Mittheil., 1895, vol. xiv. p. 443.

tt
" Geology of North Arran," Mem. Geol. 8ur., 1903, p. 111.

jj
" Geology of Bast Fife," Mem. Geol. Sur., 1902, pp. 190 and 391,
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of the central valley of Scotland. Excellent examples have been
described from Dumbartonshire by Mr. Tyrrell.*

A few coarse dolerites, which apparently contain no olivine and
little if any primary quartz, are known from this area, but none of
them is in a satisfactory condition. It is probable, however, that all

the olivine-free dolerites of this sheet are related to the quartz
dolerites. On the other hand, some of the quartz dolerites may con-
tain olivine, but this is only at their margins and in the smaller
dykes and sills. In the interior of the sills it seems to have been
resorbed, if it was originally present, and hence it may be regarded
as a non-essential mineral. In no case has the olivine been found
in a fresh condition ; there are many cases in which pseudomorphs
occur in the quartz dolerites which may possibly have formed after
olivine but are not sufficiently characteristic to render this certain.

Although some of the quartz dolerites have ophitic structure
very well developed, the great majority of the rocks of this class are
intersertal (Plate IX. Fig. 3). Very frequently in the same rock the
augite

'
may enclose a part of the felspar, yielding ophitic structure,

while in other places the pyroxene is highly idiomorphic. This is

especially marked in those rocks which contain much mesostasis;
the augite is ophitic where in contact with the felspar but idiomorphic
where surrounded by groundmass. This feature was noted by Professor
Watts in his description of the " Bowden Hiir' type of doleritic
basalts,! and has been remarked also by Dr. Falconer. It is impossible
to divide this group into ophitic and non-ophitic classes, as both types
of structure may be found in different parts of the same slide.

A tendency to porphyritie character occurs in some of these
rocks. It is partly due to the presence of idiomorphic crystals of

pyroxene (both rhombic and monoclinic) but more particularly to the
frequency with which the interstitial groundmass increases in amount
so greatly as to become an important portion of the rock. As a rule

it is not more than a sixth, but it may form quite one-half of the

mass, and Dr. Falconer notes that in exceptional cases the matrix
may. amount to 70 per cent, of the whole rock. This porphyritie

structure, however, is rarely obvious in the hand specimens and does
not mask the granular character of the whole series.

When the rocks decompose the intersertal mesostasis tends to be
filled with caleite, chlorite and secondary quartz:; and this, combined
with its fine-grained structure, often renders it impossible to say what
minerals enter into its composition. But a study of the fresher rocks

renders it certain that very frequently primary quartz is present as

the last product of consolidation. Usually it is intergrown with an un^
twinned felspar to form a very fine micropegmatite (Plate IX. Fig. 3).

In many sections this has a pseudospherulitic structure precisely like

that of many granophyres. Delicate fibres of this substance radiate

outwards from the margins of the older felspars, and as the

slide is rotated between crossed nicols a dark sector sweeps round

* 6. W. Tyrrell, " The Petrology and Intrusions of the Kilsyth-Croy District,"

Geol. Mag., 1909, pp. 299 and 359.

t Sir A. Geikie, " Ancient Volcanoes," 1897, vol. i. p. 418. The Ratho type and
the Bowden Hill type of dolerite, recognised by Professor Watts in his classification,

are here regarded as the same ; both are quartz dolerites which may contain rhombic
pyroxene ; they differ only in the relative proportion of mesostasis. The Binny
Oraig type is an exceptional facies of the quartz dolerites.
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the aggregate. By this property its nature becomes clear even when
high powers cannot resolve it into its ingredients. In other cases

even with low magnifications little angular quartz grains can be seen

lying in a matrix of turbid felspar. Each mineral extinguishes

uniformly over a considerable area, and a radiate structure is not visible

or is very imperfectly developed (micrographic type). Another
variety consists of small rectangular felspars with grains of quartz

between them, apparently not in optical continuity with one another

(microcrystalline). When quartz, however, is fairly abundant it

tends to form large irregular grains, in the edges of which little

felspars are embedded. The structure is then micropoikilitic, but it

is probable that these patches of quartz when they attain considerable

size are mainly secondary. The formation of quartz in the interstitial

spaces has continued to a late period in the consolidation of the rock,

and it is very difficult to form an opinion how much of it is to be

taken as primary. The secondary quartz appears as a mosaic of

large grains with calcite, chlorite, kaolin, mica, iron oxides and
pseudomorphs after small felspars. The occurrence of quartz as

pseudomorphs after hypersthene, augite and other minerals makes
its secondary nature in many instances indisputable.

There are other rocks which have a mesostasis in which quartz

is very scanty and in all probability secondary. A turbid brown or

grey substance then makes its appearance, which is probably a

felsite or a devitrified glass. Iron oxides, brown stains of limonite,

calcite, chlorite and other decomposition products commonly obscure

its . optical characters. It is essentially cryptocrystalline and the

felspars which lie in it have often hollow or brush-shaped forms, and
may radiate as long fibres from the surfaces of the earlier felspar

crystals which surround the interstitial space. In a few rocks a pale

brown glass containing small, dusty particles of iron oxide occurs,

though never in great quantity ; this is only in thin dykes and near
the edges of the sills.

The augite of the quartz diabases is pale brown in colour, some-
times yellowish or brownish green. It never shows the purple tints

so characteristic of the teschenites. It is rarely zonal, though
sometimes it has central areas of darker and browner shade than the
margins of the crystals ; very seldom can hour-glass structure be
seen in it. Pleochroism is not noticeable even in comparatively
thick sections. Twinning on the orthopinacoid is very frequent and
may be repeated. A fine basal lamination often appears, especially

in the coarser-grained rocks, and when combined with simple
twinning on the orthopinacoid yields a herring-bone structure.

This lamination is often restricted to the centres of the crystals, while
the edges are free from it (Plate IX. Fig. 5). It appears to be a primary
feature of the pyroxenes in which it occurs, but it becomes more
evident as decomposition progresses, because secondary products
form readily along the basal parting of the crystals. In some rocks

these central portions are traversed by dark lines which are divergent
and may be curved ; they are probably not due to a lamination but
to enclosures or cavities in the mineral.

Two varieties of augite are common in these rocks. One of these

is granular or equidimensional and, while often partly idiomorphic,

at other times encloses much plagioclase in ophitic fashion. The
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other forms long narrow prisms, which at any rate in cross section

show large pinacoidal and small prismatic faces. Dr. Falconer has

remarked that the latter kind may form branching growths of con-

siderable size, visible easily in the hand specimens. He has found
that some of them have a pleochroism resembling that of hypersthene,

a feature noted by several writers in the augites of this series of

rocks. Both of these types of augite may show basal lamination

;

the prismatic form is more readily decomposed than the other and is

less often seen in a fresh condition. This is apparently the mineral
which has so often been described as sahlite and is otherwise known
as magnesium-diopside and enstatite-augite.* It has not, however,
all the features of these augites. Its optic axial angle is small
(2E is 70 and 71 degrees in the few specimens which I have been
able to measure) but hot so small or so variable as in the same
mineral from other localities. The granular green augite, which
occurs only in short prisms and irregular masses, has also a small
axial angle for pyroxene (2E is 80 to 82J degrees, and is fairly

constant). Hence though both varieties have this property of the
magnesium-diopsides to some extent they do not show them in so

marked a manner as might have been expected. The extinction

angle Z : c in both is about 42 degrees. The brownish variety of

augite which forms cores to some of the granular crystals has a larger

axial angle and a lower double refraction than the greenish brown
augite of the exterior.

In decomposition these pyroxenes yield calcite, hornblende, mica,

bastite and chlorite. Very often the resulting pseudomorphs are of

mixed character, containing more than one of these secondary
minerals in a felted aggregate, which cannot be analysed into its

elements by the microscope. The hornblende is usually fibrous

uralite with a pleochroism ranging from clear yellow to a dark shade

of grass green. In some of the more weathered rocks the augite is

almost entirely replaced by this mineral. The mica has colours

which vary from pale yellow to deep green when the polariser is

rotated, and is easily distinguished in the coarser aggregates by its

straight extinction and strong double refraction. The chlorite is

very similar in appearance to the secondary hornblende but has

much lower polarisation colours. Calcite forms well-defined grains

only in the last stages, when it is often accompanied by quartz.

These secondary minerals appear not only in pseudomorphs but also

in patches in the groundmass and the other components of the rock.

Ehombic pyroxene occurs in many of the quartz diabases (Plate

IX. Fig. 4). It forms idiomorphic, elongated prisms with nearly square

transverse sections in which the pinacoids predominate over the

prism faces. The pleochroism varies, but is occasionally strong, in

tints which range from pale green to salmon pink. For the most
part it is weaker than this, and may be nearly absent. It may be

fairly assumed that most of this mineral in these rocks belongs to

hypersthene ; all the sections which were perpendicular to an optic

axis proved to be optically negative. In one slide taken from a

specimen of the North Queensferry mass the rhombic pyroxene
encloses plagioclase felspar, but with this exception it is always a

very early mineral to crystallise. It has not been found intergrown
* Wahl, "Die Enstatit Augite," 1906.
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with the monoclinic pyroxenes, though these, and also hornblende,

may surround it in parallel growth. In by far the major part of its

occurrences it is altered to bastite and a green, strongly pleoehroic

biotite.

Hornblende and biotite are not uncommon primary accessories,

though they rarely occur in any considerable amount. Very often

the augite is surrounded by brown hornblende of rather pale colour,

in parallel growth. This hornblende is very rarely idiomorphic, but

small prismatic crystals may be found occasionally in the quartzo-

felspathic groundmass. On its outer surface a secondary growth
of green uralite may occur like a fringe. Its pleochroism is X nearly

colourless or faint yellow, Y cinnamon brown, Z clove brown.

The angle Z : c is about 12°. Primary biotite is much rarer than

secondary ; it has a deeper brown colour and stronger dichroism, and
generally forms small imperfect hexagonal plates which may be

adherent to the iron oxides. Both of these minerals are of later

crystallisation than the pyroxene, as they frequently occur on its

surfaces, but occasionally the hornblende is intergrown with the

augite in scattered patches of indefinite outlines which extinguish

simultaneously, and are in parallel growth with the pyroxene. It is

not always possible to distinguish between the primary and secondary

micas of these rocks.

The felspars are often very fresh, though in the more decom-
posed rocks they are stained with chlorite and contain much calcite,

white mica and other secondary products. They are, however, as a

rule, in a much better state of preservation than those of the olivine

diabases and teschenites. A marked feature is their strongly zonal

character (Plate IX. Fig. 3). Between crossed nicols it is obvious that

their centres consist of a basic variety of labradorite with high angles of

symmetrical extinction, while towards their margins they become pro-

gressively more acid and have smaller extinction angles. Bytownite
occurs in the central parts of some crystals, but the greater part of

the interior of the felspars has the composition of a medium or rather

basic labradorite, while in a thin external zone the extinction angles

and other properties change rapidly and there is an outer rim which
has a straight extinction. This last is very frequently in optical

continuity with the felspar of the interstitial micropegmatite. It is

interesting to observe the diminishing refractive index when a broken
zonal felspar abuts on the balsam in which the section is mounted.
The latter has a refractive index very nearly the same as that of the

ordinary ray in quartz. The central part of the felspar has a dis-

tinctly higher index than the balsam. Very near the outer edge the

two substances have the same mean index, and here the felspar is

oligoclase, but in the outer zone the balsam has ^higher index of

refraction than all rays in the mineral.

In the micropegmatite the felspar is almost always cloudy and
turbid, but is certainly in nearly all cases untwinned, though in a few
slides small areas of polysynthetic felspar have been seen intergrown

with quartz. Irregular patches of orthoclase appear sometimes in

the micropegmatite and on the edges of the earlier felspars. To con-

firm these observations some of the rocks were powdered and placed

in a heavy solution, in which albite sank while orthoclase floated.

Those particles which did not sink were examined microscopically

20
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and proved to have the refractive indices of orthoclase. This

mineral is by no means abundant and is probably confined to the

micropegmatite and perhaps also to the outer zones of the felspars.

It may also be pointed out that the analyses given by Dr. Falconer

show that some of these rocks contain over 2 per cent, of potash.

The quartz calls for no special description. Apatite is abundant

in needles which sometimes have long central cavities. The iron

oxides are titaniferous and include ilmenite and magnetite ; they

weather to leucoxene, and sometimes in the coarser rocks form large

open networks.

Ehombic pyroxene occurs in prismatic crystals in many of the

more important sills. Its presence in the Eatho dolerite has been
known for some time ; North Queensferry (Plate IX. Fig. 4), Craigie

Hall, Carribber and Bowden Hill, West Bangour and Whitelaw
(about one mile east of Bathgate) are other localities for quartz
hypersthene diabase. It seems to have a predilection for the coarser

rocks as we have not found it in any of the finer grained dykes' and
sills. It is so often decomposed, however, and in that state so much
resembles the prismatic variety of augite that its presence may be

suspected in very many instances where it can no longer be recog-

nised with certainty.

The finer grained varieties of quartz diabase occur principally

near the edges of the sills and in the smaller east and west dykes.

They have been described by Dr. Falconer as diabase aphanites and
correspond to the tholeiites of Dr. Hatch and Professor Watts. A
number of features appear in these rooks which are peculiar to them
and serve to distinguish the aphanites from the diabases. So far as

is known they contain neither olivine nor hypersthene. Their

augite is of the brownish green colour common in the diabases, but

does not show the basal lamination (except very occasionally).

While sometimes prismatic, the pyroxene is usually granular and

has imperfect idiomorphism ; it does not enclose felspar to any extent

and the rocks are not ophitic. Very often calcite, chlorite and

uralite have replaced all the augite. Biotite and hornblende of

primary nature are very scarce. The felspars are mostly in lath-

shaped crystals and have basic centres with acid margins as in the

diabases. Iron oxides occur both in small octahedra and in reticulate

skeleton growths which form rectangular lattices, and may spread

through several square millimetres of a rock section. This last

feature is very characteristic of the chUled edges of the rocks

of this group, and has been described and figured by Sir Archibald

Geikie.* The interstitial material is not usually very abundant
and may contain much crystalline quartz in irregular grains;

more often it is very fine micropegmatite of pseudospherulitic

structure ; a few of the slides contain interstitial brown glass. A
good example of a rock containing vitreous base occurs in the rail-

way cutting at Dalmeny, one mile south-east of Queensferry. The
glassy material is full of globulites and beautiful feathery growths of

green augite, with small prisms of felspar and grains of magnetite.

Small cavities filled with quartz and chlorite are found in it also.

The mesostasis of this rock strikingly resembles that seen in slides

of the olivine dolerite from Hannahfield near Dalmahoy.
* Trana. Boy. Soc. Edin., 1880, vol. xxix. plate xii. fig. 12.
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In these aphanites there is no fluxion structure; sometimes
small porphyritic felspars and augites may be seen, but they are

not conspicuous; steam cavities are common and are generally

filled with calcite, chlorite and quartz. Another characteristic of these

rocks is the abundance of rounded ocelli (Plate IX. Pig. 6) filled with a
finely crystalline material consisting of radiate, brush-shaped felspars,

reticulate skeletons of iron oxide and granules of augite ; these are

steam cavities occupied by the still liquid matrix at a time when the

earlier minerals had crystallised but the groundmass had still to

solidify. Their nature was first explained by Dr. Teall * and they
have been figured and described by Dr. Falconer.f Where the

occupation of the vesicle was not complete a cavity was left

which was subsequently filled in with quartz and other secondary
products.

[The large patches of glassy base described by Sir A. Geikie

(Presid. Address Geol. Soc. 1892, Quart. Jour. Geol. Soc, 1892, vol.

xlviii. p. 132) as present in the Bowden Hill and North Queensferry

sills have not been found in any slides of these rocks; they are

probably fine micropegmatite.]

Segregation Veins.—In the quartz diabases acid segregation veins

are of very common occurrence ; a number of these can be very well

seen in the railway cuttings between North Queensferry and
Inverkeithing. They occur also at Eatho, Hound Point, Carribber,

and in all the principal sills. Dr. Falconer has described those of

the Linlithgow district and has given analyses.} They consist of

acid plagioclase, orthoclase and quartz, and are often very rich in

micropegmatite. As a rule they contain very little augite or other

ferromagnesian minerals ; their pyroxene is similar to that of the

sills, but is perhaps more often in elongated prisms. As might be

expected, these veins often show more primary hornblende and
biotite than the main diabases, as the later elements of consolidation

are more likely to be represented in them than the earlie^. Thpugh
posterior to the diabases they belong to the same magma, and, as

they have no chilled edges, it is probable that intrusion took place

while the sills were cooling. A few of these veins show rudimentary
fluxion structure, but the majority do not. Sorae of them are finely

porphyritic ; others are microcrystalline. They vary much both in

composition and in structure, but the minerals they contain are

always to be found in the diabases they intersect. These quartzo-

felspathic veins are never found in the olivine diabases and teschen-

ites, where the segregation veins, as already described, are of quite

a different character.

Chemical Composition of the Quartz Diabases.—For information

regarding the chemical composition of the quartz diabases of the

Lothians we are indebted to Dr. Falconer, who has given analyses

both of the sills and of their veins and other modifications. His
results are quoted below, and show how great is the variation which
one mass may present in these respects. The acid contemporaneous
veins are far from resembling granites and porphyries in composition,

while there is a very close relationship between them and the

diabases they intersect. The great preponderance of soda over

* Teall, J. J. H., O&ol. Mag., 1889, p. 481.

f Falconer, J. D., loc. cit., p. 148. | Falconer, J. T).,loc. cit.
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potash is especially remarkable. The whole series shows also how

with decrease in silica there is a corresponding diminution in the

alkalies, while lime, magnesia and iron oxides (with titanium) increase

in amount. The alumina, on the other hand, remains fairly constant.

The margins of the sills would seem to be somewhat more basic than

their centres, while the late segregation veins are most acid of all.

11. III. IV. V. VI.

SiOa
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MacLaren * give careful , descriptions of the phenomena and had no
doubt as to their significance, and even Ami Bou6 f saw how sharply

defined were the margins of the dolerites, and scouted the idea of a
passage from the one type of rock into the other.

Sir Archibald Geikie J was the first to apply the methods of

microscopical research to this problem so far as regards the

Mid-Lothian sills, and he has given in several places an account of his

observations. He also supplied the specimens on which Dr. Stecher's §
fuller account of the phenomena are based. The marginal changes
in the Stirling dolerite have been described by Mr. H. W. Monckton.||

In most cases where the edges of the sills are exposed they are

in an advanced stage of decomposition, and though they may contain

fresh felspar and biotite, their augite and olivine are represented by
pseudomorphs, and the whole rock is infiltrated with calcite, iron

oxides, pyrites and chlorite. The actual margin for a distance of

one or several millimetres is very dark and fine grained. Under
the microscope it is usually decomposed and always cryptocrystalline,

though there seems good reason to believe that it was once glassy.

Between crossed nicols it depolarises the light as a very fine mosaic
like the most fine-grained kinds of felsitic material. Its original

state is indicated by numerous spots which resemble the spherulites

so characteristic of the tachylyte selvages of basic dykes, but now
only rarely show traces of spherulitic structure (see Plate X. Kgs.
1 and 2, Plate XI. Fig. 6). This margin is filled with very minute
rounded grains of iron oxide which give it a black colour and render

it almost opaque ; it would seem that there has been a slight con-

centration of the iron oxides in the chilled margin. When this

black selvage is weathered it turns dark red. Pyrites, probably

secondary, is often abundant in these situations. Excellent examples
of these devitrified tachylytes are to be obtained at Salisbury Craigs,

Hound Point, Auchinoon, Camps Quarry, Eosyth Castle and many
other places.

At a distance of a millimetre or two from the contact the

igneous rock is a porphyritic olivine basalt with cryptocrystalline

groundmass. Veins two or three millimetres in thickness show this

structure very clearly (see Plate XL Fig. 6). The phenocrysts are as

a rule not numerous ; they always form the smaller portion of the whole
mass, and they frequently have an orientation of their long axes

parallel to the line of junction which is due to fluxion movements in

the molten intrusive rock. Felspar, augite and olivine are the por-

phyritic minerals. The olivine is always decomposed, bt^t its presence

is usually rendered certain from the outlines of the pseudomorphs
(which correspond usually either to small idiomorphic crystals or

to imperfect growth forms of this mineral). StecherlT made the

* Charles MacLaren, " A Sketch of the Geology of Fife and the Lothians,"1839, p. 4.

t Ami Bou6, " Bssai G^ologique Sur I'flcosae," 1820 (?), p. 189.

I Sir A. Geikie, " On the Carboniferous Volcanic Bocks of the Firth of Forth Basin,"
Trans. Boy. Soc. Edin., 1880, vol. xxix. p. 496. " Ancient Volcanoes of Great Britain,"

1897, vol. i. p. 452.

§ E. Steoher, " Contact Erscheinungen an Schottischen Olivindiabasen," Tscher-

maJc's Min. Pet. Mittheil., 1888, vol. ix. p. 145. "Contact Phenomena of some
Scottish Olivine Diabases," Proc. Boy. Soc. Edin., 1888, vol. xv. p. 160.

II
H. W. Monckton, " The Stirling Dolerite," Quart. Jour. Oeol. Soc, 1895, vol. 11.

p. 480.

^ E. Sf«oher, loc. cit., p. 200.
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interesting observatioii that olivine probably occurs in the chilled

dges of the quartz diabases, though it is absent from the interior,

a fact which we have repeatedly been able to confirm. The augite

is usually pale coloured, idiomorphic and very commonly twinned.

The felspars are thin plates, tabular on the brachypinacoid. The
smaller may show only simple twinning, but the larger have often

albite, Carlsbad and pericline lamellee.

These minerals contain only a few small enclosures of dark glass.

At a quarter of an inch from the contact the matrix of the dolerite

is finely granular, microcrystalline and possesses neither fluidal nor
spherulitic characters. It consists then of minute grains of greenish

augite, iron oxides, and small lath-shaped felspars, with usually also

very minute irregularly shaped, pleochroic scales of yellow brown
biotite. These are very rarely idiomorphic, but from their optical

characters and cleavage there can be no doubt as to their nature.

Dr. Stecher appears to have been the first to observe them, though
he was not certain they were biotite.

The margins of these sills are very often brecciaform, both on a

macroscopic and microscopic scale, and contaia angular pieces of the

adjacent sedimentary rocks with less frequently small detached
fragments of the already consolidated chilled edges of the intrusion.

They are also occasionally vesicular but never in a marked degree

;

the best instance of this is probably the Blackburn dolerite and
picrite sill. The vesicles are filled with calcite, secondary quartz,

chlorite or zeolites.

Dr. Stecher reports that he has found -porphyritic crystals of

quartz in the edge of the Hound Point dolerite. They are de-

scribed as being surrounded by a zone of calcite or of quartz

which sometimes has the outlines of an idiomorphic quartz crystal.

The central part is rounded and has a radiate or spherulitic

structure like that of chalcedony. There may be small steam

cavities filled partially with calcite and partly with chalcedony,

but, so far as I have seen, they are always small corroded quartz

xenocrysts, no- doubt picked up from the sandstones through which

the sill has burst. The calcite margin is due to decomposition of

the corrosion border of augite and glass which is so often seen

around foreign quartz in basic lavas, and in many cases is replaced

by secondary quartz. The radiate structure of the central grain is

probably, as Dr. Stecher suggests, due to rapid heating ; it is some-

times absent and then the quartz breaks up into a mosaic in polarised

light. The external outgrowth of quartz is usually in optical con-

tinuity with the corroded centre. In the external zone sliiall

needles of hornblende may sometimes be seen penetrating the

quartz.

The fine-grained porphyritic margins pass very gradually into

the granular non-porphyritic centres of the dolerite sheets.

At a distance of a,n inch or so from the contact the small

phenocrysts become infrequent, but, according to Dr. Stecher, the

tendency to the development of porphyritic structure is distinctly

visible four inches from the margin of the Salisbury Craig sill (loc. cU.,

p. 154). Th6 structure beconaes ophitic or partly intersertal, though
the rock may be distinctly finer grained for several feet. The change
seems to be brought about by the disappearance of the phenoferysts
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and the increase in size of the elements of the groundmass, to which
accordingly the minerals of the central part would correspond. A
special characteristic of the fine-grained diabases of the vicinity of

the margin of the sills is the abundance of skeleton networks of iron

oxide, which from their configuration can only be regarded as

(titaniferous) magnetite. This was described and figured by Sir

A. Geikie * who noted that it is confined to these situations and to

some of the dykes.

In some of the olivine diabase and teschenite sills, in which biotite

is a normal constituent, it is greatly increased in quantity towards

the margin, while the rock becomes also finer grained and assumes a

porphyritic in place of an ophitic structure. Mr. Moncktonf appears

to have been the first to observe these changes in connection

with the Barnton dolerite; he describes the lower of the intru-

sive masses as a mica porphyrite and notes also its lamprophyric
aflBnities.

The abundance of biotite, and its occasionally porphyritic develop-

ment, are well seen in the edges of the Inchmickery mass (teschenite).

At Lochend the margins of the sill in some cases are full of biotite,

but in others contain much dark brown hornblende and have a close

resemblance to some of the camptonites, though the hornblende is

not so highly idiomorphic as in these lamprophyres. Eocks with

camptonitic affinities have been noticed at the edges of some
of the teschenite sills, but are too much decomposed to be worth
description.

WHITE TRAPS.

Where dolerite sills have traversed carbonaceous shales, oil shales

or coals, they are often converted into a peculiar yellow or nearly

white rock which is known locally as " white trap." Examples of this

are fairly common in the Edinburgh district, and a photograph of one

of these sills, a little east of the south end of the Forth Bridge, has

been published by a Committee of the British Association (" British

Geological Photographs," 1904, 1st series, No. 2101). Sir Archibald

Geikie has described these changes in more than one place,| and
Dr. Stecher § has given the microscopical and chemical characters of

the Newhalls sill (Queensferry) a special study.

These white traps consist entirely, as Dr. Stecher has shown, of

carbonates of lime, magnesia and iron, with kaolin and muscovite.

Quartz is not common except as a secondary product. The nature

of the chemical changes is rendered obvious by the following

analyses :

—

* Sir A. Geikie, " On the Carboniferous Volcanic Rocks of the Firth of Forth,''

Trans. Boy. Soc. Edin., vol. xxix. p. 497, plate xii.

f H. W. Monokton, " On a Picrite and other Associated Rocks at Bamton," Qvart.
Jour. Geol. Soc., 1894, vol. 1. p. 40.

J Sir A. Gieikie, Trans. Roy. Soc. Edin., 1880, vol. xxix. p. 499. See also his "Ancient
Volcanoes of Great Britam," vol. i. pp. 96, 426, 449, 456 ; vol. ii. pp. 65, 87, 103,

165, 252; and "Geology of Central and Western Fife," pp. 82, 85, 86; "Geology
of Eastern Fife," pp. 164, 195, 207.

§ E. Stecher, too. cit., p. 190.
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are usually absent. Except where there are residues of felspar the

iron oxides are the only original minerals which can be identified.

Between crossed nicols these rocks show no well-defined structure,

but patches of carbonates, kaolin and iron oxide are indiscriminately

scattered through the sections. It is very interesting, however, to

observe that in ordinary light the outlines of the original ingredients

are clearly traceable. Lath-shaped pseudomorphs after felspar and
patches of less regular shape having the outlines of augite and olivine

in the fresh rocks may be recognised ; the iron oxides also preserve

their characteristic shapes. It is possible, in fact, to tell which rocks

were porphyritic or ophitic, and the structures of the fine-grained or

aphanitic group are equally well shown. We look, so to speak, on

the ghosts of the primary minerals, still retaining their form while

their substance is entirely changed.

This shows that these rocks consolidated as normal facies of

dolerite in spite of the presence of those organic gases which had
been driven out of the carbonaceous shales by destructive distillation

set up on contact with the liquid, molten intrusion. As the tempera-

ture fell, these gases were able to completely destroy the first suite

of minerals, and to replace them with others of secondary nature.

At high temperatures carbonic acid and organic gases are powerless

to attack the rock-forming silicates. This is in accordance with

many well-known facts ; the magma of a volcano is charged with

steam and carbonic acid, but the freshly consolidated rocks show no

trace of their action ; the same gases rising through similar rocks at

ordinary atmospheric temperatures are powerful agents in effecting

decomposition by solfataric action. The white traps, then, were

produced by the operation of organic gases on solid normal intrusive

rocks during cooling and at comparatively low temperatures. Their

special feature is the very complete nature of the changes effected.

The process must have been a rapid one when once a suitable tem-

perature had been reached by the igneous rock.

CONTACT ALTEEATION OF THE SEDIMENTAEY KOCKS BY THE INTRUSIVE

SILLS.

Since the early years of last century the contact alteration pro-

duced by the igneous intrusions (especially that of Salisbury Craigs)

has been the subject of repeated comment. Although in most cases

the changes are sufficiently obvious to the naked eye they are usually

far from striking on microscopic investigation, and no full account of

them appeared till Dr. Stecher's paper was published.*

The contact alteration produced by the tesehenite-picrite sill of

Inchcolm has been fully investigated by Campbell and Stenhouse.f
The purer sandstones are changed into lustrous quartzites con-

sisting of a closely fitting mosaic of small quartz grains, with felspars,

white mica, zircon, tourmaline and iron-ores, a^^ of which are probably
original. These alterations are well seen at Hound Point, Salisbury

Craigs (Plate XI. Fig. 6), Duddingston Loch, Eosyth Castle, and many
other localities. At Salisbury Craigs Dr. Stecher detected small

E. Stecher, " Contacteraclieinungen an Soliottischen Olivindiabasen," Tscher
mak's Min. Pet. Mittheil., 1888, vol. ix. p. 146.

f Loc. cit.



314 Carboniferous Volcanic Rocks.

Ctysfcala of pyroxene in the impure sandstones, and regarded them as

probably due to permeation by the igneous rock ; but they are not

uncommon elsewhere, especially when the sandstone was originally

somewhat calcareous, and may quite well have been formed by
recrystallisation of the interstitial cementing materials. These
pyroxenes occur only in small granules, and are pale green or nearly

colourless. Brown biotite has been formed in some of the more
argillaceous sandstones at Kosyth Castle, Cult Ness, and in some other

localities. A fine cryptoerystalline substance, like that described

below in the arenaceous shales, appears between the sand grains of

some of these rocks.

The purer shales are converted into hornstones, so fine grained as

to resemble cherts, and dark green or black in colour, but weathering
white, pale green, yellow or buff. They are sometimes banded or

irregularly flaked. Naked eye inspection reveals little except
scattered, very minute quartz grains or scales of mica in a crypto-
erystalline matrix. Under the microscope they present a variety of

appearances, but consist essentially of small quartz grains lying in

a very fine, slightly granular, cryptoerystalline substance, which has
apparently resulted from the more or less complete fusion of the

argillaceous portion of the rock. The quartz grains appear from their

outlines to have suffered partial corrosion. In the fine matrix small

scales of white mica or, less commonly, of brown biotite have been
formed. Crystals of zircon and grains of rutile are present also, the

zircon probably in its original state, but the rutile obviously recrystal-

lised in short prisms. Changes of the same kind have been described

by Mr. Hutchings in shales which have been contact altered by the

Whin Sill.* These phenomena are well seen in some of the 'fine-

grained, reddish " poreellanites " at Salisbury Craigs and also at

Inchmickery, Barnton and other places.

In a few cases these baked shales show an indistinct spotting

due to aggregations of chlorite or of organic matters; they then

resemble desmosites and spilosites.f

From the edge of the Hound Point sill a dark altered shale was
obtained which showed clear spots, elongated in one direction but

hexagonal in cross section (Plate X. Fig. 1). They consist of

calcite and other secondary products, but are obviously pseudomorphs
after some mineral, and to judge by their forms it is probable that

the mineral they replace is cordierite.

The purer limestones are marmorised by the action of the dykes

and sills, though only for a distance of an inch or less from the

contact. The impure limestones yield fine-grained calc-silicate rocks

which may contain pyroxene, woUastonite, garnet, epidote, sphene,

vesuvianite, alkali felspars and a variety of other minerals. At
Auchinoon, about five miles south-west of Balerno, at the margin of

a basic sill there are fine dark green hornstones which have evidently

originated by the conKict alteration of impure argillaceous limestones.

They consist largely of granular yellow-green augite, occasionally

showing crystalline outlines; epidote appears also in some of the

slides, and there is much chlorite and some green hornblende, which
are probably secondary. Large quartz grains are also present and

* HutohingB, W. M., " An IhtereBting Contact Rook," Oeol. Mag., 1896, p. 122.

t K. Campbell and A. G. Stenhouee, he. eii.
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often have embayed and corroded borders as if they had been attacked

by the surrounding groundmass, while felspar is an important
constituent in some of the rocks. It may be polysynthetic or un-
twinned, and though generally of irregular form may be idiomorphic,

and seems likely to be of new formation or at least recrystallised.

In some bands the augite occurs as large irregular crystals which are

perfectly filled with minute enclosures of quartz, felspars and other

minerals. No garnet was identified in the sections. The matrix of

these rocks is very fine grained, but in places seems resolvable into

an aggregate of quartz and felspar, obscured by chlorite and other

secondary products ; elsewhere it is too fine grained for microscopic

analysis. One band is filled with small hexagonal scales of ilmenite,

many of which are so thin that they are transparent and have a

dark-brown colour.

The most interesting of the altered calcareous rocks of this sheet

is the nodular rock from the edge of the Barnton sill mentioned by
Mr. Goodchild * and commented on by Professor Eosenbusch.f It

is a thin seam and shows parallel bands of red colour (garnet), green

(pyroxene), brownish green (vesuvianite) and round white spots one or

twomillimetresindiameter(mainly wollastonite) (see Plate X. Fig. 3).

Sections prepared from this junction show that the margin of the

intrusive mass is a fine-grained aggregate of idiomorphic olivine and
augite, with some interstitial decomposed felspar and dark brown
biotite, and a little deep green hornblende. Between the two rocks

there lies a thin zone (about '3 mm. wide), consisting entirely of

purplish brown augite, very like that of the picrites and picrite

porphyrites, and quite unliie the pyroxene of calc-silicate rocks

;

it indicates an interfusion of the two masses along their line of

contact, though only for an infinitesimal distance. This is followed

by a zone (about a millimetre thick), consisting of granular, green and
brownish green augite, green or colourless rounded garnets, a little

iron oxide, epidote, wollastonite and dark green hornblende. The
next zone, about two millimetres wide, consists principally of small

isotropic garnets with pale green pyroxene, epidote, some untwinned
felspar, dark green hornblende and iron oxides. Outside this there

is a banded desmosite or baked shale.

The spotted rock above mentioned (Plate X. Fig. 3) is very largely

composed of wollastonite, which forms the round white spherulites

visible in the hand specimen, and also, mixed with chlorite and small
granules of sphene, composes most of the matrix in which the
spherulites lie. There is usually a very turbid, fine-grained central

area to each spherulite and an external radiate part with larger

transparent fibres. The wollastonite occurs only in needles which
are thicker in the outer part of the spherulites than at the

centres, where they are mixed with chlorite and other secondary
minerals. It is never idiomorphic.

A few doubly refracting garnets of dodecahedral type occur also

in this zone. They are spotted with rounded enclosures and have
good idiomorphic outlines. The idocrase occurs as long tapering rods

forming star-shaped groups embedded in calcite or fibrous wollastonite,

* J. 6. Goodchild, " Note on the Minerals Observed in the Railway Cutting near
Bamtbn,, Edinburgh," Trana. Edin. Oeol. Soc, 1893, vol. vi. p. 301.

t H. j^osenbusch, " Mikroskopisohe Physiographie," 1866, 3rd ed. vol. ii. p. 1159.
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and is of very pale brownish green colour. The transverse sections of

the prisms have the typical octagonal form, with four of the faces larger

than the other four. Granular sphene, epidote, green fibrous horn-

blende and chlorite are the other ingredients of this interesting rock*

The Olivine Basalts and Poephyeitic Olivine Doleeites.

The distinctive features of this group are the presence of pheno-
crysts of olivine, augite and plagioclase felspar, or of one or more of

these minerals, in a finely crystalline or partly glassy matrix. They
include by far the greater part of the Carboniferous lavas, and also a

considerable number of small intrusive masses, which form sheets or

necks. Fluxion arrangement is common both in the phenocrysts

and in the minerals of the groundmass, and these rocks are frequently

vesicular, especially on their upper and lower surfaces. They all

contain olivine or pseudomorphs after it. Porphyritic augite is also

nearly universal, but many of them show few or no phenocrysts of

plagioclase felspar; in the groundmass augite and plagioclase are

constantly present with or without small quantities of glassy base. A
few of these rocks have been described by Allport and by Dr. Teall.

Sir A. Geikie has given a general account of them, based on his own
researches and on those of Dr. Hatch and Professor Watts. Their

classification, as given in Sir A. Geikie's " Ancient Volcanoes of Great

Britain," is adopted here with a few modifications rendered necessary

by the extended investigations.

It will be useful to give a synopsis of the classification of the

olivine basalts and porphyritic olivine dolerites, showing their main
points of difference and the authority who first established the group.

I. Eocks with conspicuous phenocrysts in a fine groundmass which

may be partly glassy but is not ophitic.

A. Lion's Haunch type, with abundant large phenocrysts of olivine,

augite and plagioclase felspar (Hatch) (Plate XII. Fig. 1).

B. Dunsapie type, similar to above with coarser groundmass and

usually some analcite and biotite (Plate XII. Fig. 2).

C. Craiglockhart type, with large phenocrysts of olivine and augite

(but not plagioclase felspar) (Hatch) (Plate XI. Fig. 3,Plate XII. Fig. 3.).

D. Markle type, with numerous large phenocrysts of plagioclase

felspar ; olivines small and inconspicuous (Hatch) (Plate XII. Fig. 4).

II. Eocks with small and inconspicuous phenocrysts in a finely

crystalline or partly glassy groundmass, not ophitic.

A. Dalmeny type, with many small phenocrysts of olivine, few

of augite and felspar (Hatch) (Plate XII. Fig. 5).

B. Hillhouse type, many small porphyritic olivines, few pheno-

crysts of augite
;
groundmass full of augite with little felspar, some-

times partly glassy (picrite type of Hatch) (Plate XII. Fig. 6).

C. Analcite basalts, with small phenocrysts of olivine and fewer

of augite
;
patches of analcite in the groundmass.

III. Porphyritic olivine dolerites with suh-ophitic or micro-ophitic

groundmass.

A. Jedburgh type, with porphyritic olivine and felspar (Watts)

(Plate XI. Fig. 4).

* W. M. Hutchings, "Contact Rooks of the Whin SiU," Oeol Mag., 1898, p. 72.

J. Allen Thomson, "Inclusions in Voloanio Eocks," Geol. Mag,, 1907, p. 490.
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B. Kilsyth type, with large porphyritic felspars and smaller

phenocrysts of olivine (Watts).

C. Gallaston type, with porphyritic olivine only (Hatch).

Limburgites, containing little or no felspar, groundmass
often glassy (Hatch).

Dr. Falconer has classified the lavas of the Bathgate Hills in five

groups, of which the first corresponds fairly closely with the Gallaston

type ; the second and third are the same as Dr. Hatch's Dalmeny
type ; the fourth is identical with our Hillhouse type, while the fifth

is similar to the limburgites.

I. A. Basalts of the Lion's Haunch Type (Plate XII. Fig. 1).

—

The
group includes rocks with large and conspicuous phenocrysts of

plagioclase felspar, augite and olivine, in a groundmass which is either

granular and holocrystalline or contains a small amount of glass.

The Lion's Haunch basalt is exceedingly well known ; its microscopic

characters have been described by Dr. Teall * and Mr. Harker,f and
figures of it are published by Dr. Teall f and Professor Cole.§ Its

large oHvines are only slightly corroded and partly serpentinised. The
augite is highly idiomorphic, brownish and sometimes zonal. The
zoned, well-formed felspars are bytownite or a basic labradorite near

their centres, but at their margins pass into medium labradorite.

They show Carlsbad, albite and perieline twinning in great perfection.

Glass enclosures are frequent in the phenocrysts and often show
a small immobile bubble, microlites of plagioclase and augite, and
branching skeletons of iron oxide. The felspar has often a honey-

combed appearance owing to the abundance of these enclosures, which
may also be arranged in zones. The groundmass is not fluidal and
consists of small, often idiomorphic, plagioclase felspars, granules of

pale augite, octahedra of magnetite and a very little pale brown glass.

The basalt of the Haggis Knowe and Long Eow, Arthur's Seat,

belongs to this group also, but its phenocrysts are fewer, smaller and
less perfectly idiomorphic; its groundmass is more felspathic and
contains many small agglomerations of granules of augite sometimes
with a radiate structure, and occasionally having a central patch of

turbid analcite. These "augen" of augite in the groundmass of

basalts, as pointed out by Eosenbusch,|| are well known and of wide-
spread occurrence, though their origin is not altogether clear. They
may result from the resorption of foreign grains of quartz.^ In other

parts of the Long Eow the groundmass is micro-ophitic. Typical
Lion's Haunch basalts are very rare in this sheet, though occurring

in many parts of Central Scotland in considerable numbers.
I. B. Basalts of the Dunsapie Type.—A very closely allied type, how-

ever, represented by the Dunsapie basalt, Arthur's Seat,is more common
(Plate XII. Fig. 2). In these the groundmass is holocrystalline and
nearly panidiomorphic as the augite forms small perfect prisms, the
magnetite occurs in sharply defined octahedra and even the felspar has
often rectangular outlines. The porphyritic purplish brown augite

has continued growing during the formation of the groundmass, and

* J. J. H. Teall, " British Petrography," 1888, p. 188.

t A. Harker, "Petrology for Students," 1902, 3rd ed. p. 204.

t J. J. H. Teall, " British Petrography," 1888, plate xxiii. fig. 1.

§ G. A. J. Cole, " Aids in Practical Geology," 1902, 4th ed. p. 259.

II
H. Rosenbusch, " Mikroskopiscbe Physiographie," 1896, 3rd ed. vol. ii. p 990

if
" Geology of East Fife," Mem. Geol. 8ur., 1902, pp. 399, 400.
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has an external border enclosing many small felspars. Pprphyritic

plagioclase and olivine are both abundant, and in tliis group a sinall

amount of dark brown biotite and turbid analcite are fairly constant

accessories. The rocks of St. Leonard's Hill and Heriot Mount are

very similar to that of Dunsapie. Both contain a considerable

amount of analcite and some biotite, but shovy less olivine and augite

than the Lion's Haunch basalt, and have a more coarsely crystalline

grpundmass. Fresh specimens from the Dasses and the "Windy
Growl have the same composition and structure. The basalt of

Samson's Eibs,* which contains a very large amount of plagioclase

phenocrysts, belongs also to this group. Allportf notes that it

contains analcite, calcite and zeolites probably formed in cavities

or secondary after a glassy or felsitic base.

In the other rocks the pseudomorphs after olivine consist of

green or brown serpentine. In Samson's Eibs basalt they are

usually green iddingsite mixed with fibrous calcite. In the presence
of analcite, brown biotite, purple augite and much apatite the basalts

of the Dunsapie type resemble the analcite olivine diabases above
described. Their analcite is secondary and in advanced stages of

decomposition is replaced by calcite. It spreads through the felspar

in exactly the same way as has been described in the teschenites.

I. C. Craiglockhart Type.—Another well-defined type is the

GraiglockhMrt rock described and figured by Sir A. Geikie as an
anamesite (Plate XI. Fig. 3).f It contains conspicuous phenocrysts of

augite and decomposed olivine in a holocrystalline matrix of granular

augite, plagioclase felspar, magnetite and ilmenite. The augites are

often crowded with small glass enclosures containing crystals of fel-

spar and magnetite. The freshest examples of this group are found in

the King's Park south-east of St. Anthony's Chapel (Plate XII. Fig. 3):

The olivines of this rock are well preserved ; the groundmass con-

sists of small imperfectly formed augites, lath-shaped idiomorphic

plagioclase, grains of magnetite and a little analcite, calcite and
chlorite. Other specimens were obtained below St. Anthony's Chapel,

on the Whinny Hill, 300 yds. north-east of Dunsapie Loch, and in the

pathway along the wall in the King's Park, west of Duddingston.

Very similar basalts occur near the base of the Calton Hill series,

in the Low Calton and on the north side of the Calton Churchyard.

In these, however, the augite of the matrix tends to be more
abundant and there is a slight approach to ophitic structure.

I. D. The Markle type or "labradorite basalts" (Plate XII. Fig. 4)

have been described by Dr. Hatch § as containing olivine only in small

sporadic grains, while plagioclase felspar is present in numerous large

crystals lying in a groundmass of laths, microlites and granules of

felspar, together with dispersed magnetite and probably augite, the

latter mineral being obscured by a ferruginous product of decay.

Having a considerable resemblance to the andesites, owing to their

abundant porphyritic plagioclase, these rocks include many of the
" porphyrites" of the older writers, but, as shown by Mr. Grant Wilson's

* J. J. H. Teall, " British Petrography," 1888, p. 199.

t S. AUport, loc. cit.

X Sir A. Geikie," On the Carboniferous Voloanio Rooks of the Firth of Forth Basin,"
Trans. Boy. Soc. Edin., 1880, vol. xxix. plate xi. fig. 4.

§ F. H. Hatch, " On the Lower Carboniferous Volcanic Rooks of East Lothian,"
Trans. Boy. Soc. Edin., 1892, vol. xxxvii. p. 119.
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analyses in Dr. Hatch's paper, their real affinities are with the basalts.

They form a great part of the volcanic series of the Whinny HJU and
St. Margaret's, and of the Calton Hill, Edinburgh.

No fresh example of this type has been found within the area

under consideration, and all its representatives are deeply reddened
with secondary haematite and limonite in the hand specimens, while

in the microscopic slides only the felspar preserves its original

characters, the ferromagnesian minerals having usually been entirely

replaced by iron oxides and calcite. Brown pleochroic iddingsite

after olivine is not infrequently seen, but opaque black pseudomorphs
of iron oxide (usually haematite) are far more common, and as they

usually have a platy structure, it is probable that iddingsite was an
intermediate, and iron oxide the ultimate product of decomposition.

Many specimens have a fluidal matrix, in which lath-shaped felspar

is by far the most abundant ingredient. Frequently they have
highly vesicular surfaces and some of the rocks are perfect

amygdaloids ; the steam cavities may be occupied by calcite, haematite

and chlorite, or may have been emptied by weathering. The cloudy

felspars show the three usual types of twinning and are not com-
monly zonal ; their composition in most cases is medium labradorite.

II. A. The basalts of the Dalmeny type (Plate XII. Fig. 5), as defined

by Dr. Hatch, show abundant rather small olivines, mostly altered into

serpentine and calcite, and grains of augite, imbedded in a mesh of

slender felspar crystals with microlithic augite and minute granules

of magnetite. They are the most abundant and widely distributed

of all the types of basalt in this sheet, and occur both as intrusions

and as lavas. The type rock comes from a small lava-flow, near
Dalmeny Church. Their composition is similar to that of the

Craiglockhart type, but the phenocrysts are more numerous and
smaller, and in most cases the olivines of the first generation greatly

preponderate over the augites. A few small phenocrysts of plagio-

clase occasionally make their appearance, but they are never
numerous. The groundmass shows a certain variety of structure

according to the relative abundance of felspar and augite and the
presence of minute traces of a glassy base. When any vitreous
material is discernible in the slides both felspar and augite are
nsually in small idiomorphic prisms. The glassy base in such cases

is brownish and full of globulites ; more commonly the groundmass
is holocrystalUne and composed of lath-shaped felspars with more
or less perfectly formed granules of augite. When the pyroxene
forms a considerable proportion of the matrix it shows a tendency
to envelop the felspars and produce a micro-ophitic structure

;

occasionally the groundmass is fluidal. The best-known examples
of this type are the basalts at the summit of Arthur's Seat and the
Castle Eock, Edinburgh. A few occur also among the lava-flows
of the Whinny Hill, Arthur's Seat. In the Bathgate Hills similar
rocks occur in great numbers, as remarked by Dr. Hatch and Sir
Archibald Geikie,* in fact they form the major part of the volcanic
succession. Many of them are much decomposed and vesicular or
fluidal, and some contain a small amount of interstitial granular
brown glass. The abundance of small olivines in some of these

* Dr. F. H. Hatch, in Sir A. Geikie's " Presidentia,! Address to the Geolqgioal
Society," Quart. Jour. Oeol. Soc, 1892, vol. xlviii. p. 131,
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rocks is very noticeable. When the groundmass is more coarsely

crystalline than usual ophitic structure may appear in parts of it.>,

The following localities may be cited : lowest bed, Kirkton East
Quarry;* north-west of Longmuir Plantation

;
Quarter; Burgh Mill

(Linlithgow); 250 yds. west of Hillhouse; Canal Bridge, Eailway
Station, Linlithgow. Eocks of Dalmeny type are well represented

also among the lava-flows in the west cliff of Inchkeith, mostly in

an advanced stage of decomposition, and excellent examples come
from the cliff west of the blown sand in Pettycur Bay, Fifeshire.

II. B. The Hillhouse type (Plate XII. Fig. 6) corresponds to the
basalts described as belonging to the picrite type by Professor Watts
and defined by Dr. Hatch in the following terms :

" Containing large

porphyritic olivines, usually more or less serpentinised granular augite,

scattered grains of magnetite and only a small amount of felspar, thus
approaching picrite." * Professor Watts describes them as follows :

"Porphyritic olivine much more common than augite; groundmass
of granules of augite set among lath-shaped felspars which are much
fewer than in the Dalmeny type." f

This is a small and fairly well-characterised group, the rocks of

which seem to be intermediate in position between the Dalmeny
basalts and the limburgites. They approach the latter especially

in the almost constant presence of a small quantity of clear brown
vitreous base filled with skeleton growths of magnetite. Often they
are very fresh, and their olivine is usually only partly converted into

green serpentine. Augite of a deep reddish brown colour is very
abundant, as granules in the groundmass and as small idiomorphic

phenocrysts, which show zonal structures (with pale brown centres

and darker margins), hour-glass structure and frequent twinning
both on the orthopinakoid and on pyramidal faces. They contain

also much magnetite in sharply formed octahedra, and their felspar

occurs as narrow laths often only simply twinned and frequently

having a long glass enclosure in their centres. Their optical char-

acters correspond to basic labradorite and bytownite. Analcite is

present in a few slides and seems evidently secondary.

Lavas of this type are very common in the Bathgate Hills, but

do not occur in any other parts of this sheet, though they are

reported also from Burntisland, Fifeshire, by Dr. Hatch. The
following localities may be enumerated : Binns Tower (1 mile south

of Blackness) ; Braehead ; 200 yds. north-east of Clarendon ; east of

Longmuir Plantation; 480 yds. north of Hiltly; Kirkton West
Quarry ; Hillhouse Quarry ; 500 yds. east of Craigmailing.

II. C. Analcite basalts. Closely allied to the basalts above described

as belonging to the Hillhouse type, are a number of others which
contain slightly more felspar in the groundmass, a less amount
of glassy base and constantly a small quantity of analcite. As it

has been urged that analcite is a primary mineral of some basalts,

special attention has been paid to this series, but no evidence has

been obtained pointing to a primary origin for this mineral, while

* Sir A. Geikie, Trans. Roy. Soc. Edin., 1880, vol. xxix. plate xi. fig. 5.

t F. H. Hatch, in Sir A. Geikie's " Presidential Address to the Geological Society,"

Qvart. Jour. Qeol. Soc, 1892, vol. xlviii. p. 129.

t W. W. Watts, in Sir A. Geikie's "^Ancient Volcanoes of Great Britain," 1897,
vol i. p. 418.
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there is clear proof that for the most part it is only secondary.

It often fills veins and cavities, at other times it replaces areas of

the groundmass, and is not confined to rocks originally holocrysfcalline,

but appears also along with a vitreous groundmass. Whether the

rocks in which it is abundant are all intrusive is not quite clear,

though this is a point of some interest. Analcite is frequent also

in the more weathered rocks of the Uunsapie type (many of

which are intrusive). If any nepheline basalts were originally present

in this district it is probably among these groups that they have been

placed. As typical localities for these analcite-bearing basalts the

following may be mentioned : Byres Quarry (east of Bathgate), Hill-

house Quarry (the sill above the limestone), Corsie Hill (Cauldhame).

The occurrences are all restricted to the Bathgate Hills where
these rocks seem to be fairly common.

It was shown by Dr. Hatch * that some of the basic igneous rocks

of the Scottish Carboniferous system contained many phenocrysts in a

finely ophitic or partly ophitic groundmass, and Professor "Watts f has

erected a separate group for these and defined those types.

All of these are represented among the rocks collected from Sheet

32, and as their number is not large, and no striking deviations from

the accepted grouping are present, it will be convenient to adopt the

existing classification.

III. A. The Jedburgh Type.—In the rocks of this class the porphy-

ritic elements are conspicuous, olivine being the principal and fel-

spar of secondary importance. A few slides of the Whinny Hill

dolerites (Arthur's Seat) agree very well with Professor Watt's defini-

tion and his type slides. The micro-ophitic structure of the ground-

mass is very perfect (Plate XI. Pig. 4) ; there are numerous olivines both

large and small ; and often also there is a very considerable amount
of porphyritic idiomorphic plagioclase felspar in small crystals

which has sometimes a fluidal arrangement. Among these may be

mentioned the central part of the Long Eow (specimen taken about

the middle of the outcrop) ; 300 yds. south by east of St. Anthony's

Chapel (lava, No. 7 of Whinny Hill series) ; and the quarry at Scone

Gardens, Parson's Green. There is a considerable variation in the

size and number of the felspar phenocrysts in this group. Where
they are large and numerous there is a transition to the Kilsyth

type, where they are small and scanty the rocks are hardly dis-

tinguishable from those of the Gallaston group.

III. B. The Kilsyth type is strongly porphyritic with large felspar

phenocrysts and smaller olivines. It is represented by only one
mass within this sheet, that of Buteland Hill, about 3 miles south-west

of Balerno.

III. C. In the Gallaston type there are many small porphyritic

olivines but no phenocrysts of felspar. Among the Bathgate series

quite a number of examples of this group have been collected. They
include specimens from Broomyknowes, Walton Farm, and a rock

from 1800 yds. north-east of Gardener's Hill, and several others. They

* F. H. Hatch, in Sir A. Geikie's " Presidential Address to the Geological Society,"

Quart. Jour. Geol. 8oc,, 1892, vol. xlviii. p. 130.

t W. W. Watts, in Sir|A. Geikie's "Ancient Volcanoes of Great Britain," 1897,

vol. i. p. 418.
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are distinguished from the Dalmeny basalts so prevalent in this

quarter only by the more coarsely crystalline and more or less

ophitic structure of the matrix. Some of them are holocrystalline

;

others contain a small amount of residual (intersertal) glass filled

with skeleton growths of ilmenite, but the augite of the second

generation is always later in crystallisation than the felspar and
surrounds it or fills up the interstices between it, though never forming

large ophitic plates completely enclosing several felspar individuals.

Limhurgites are not common in Mid-Lothian and West Lothian,

but two rocks are represented in the Survey collection by slides

which, though containing a small amount of plagioclase felspar, are

so rich in olivine, augite and glassy base that they may fairly be
classed with the limhurgites. They are from Kipps Hill, Linlithgow,

and from a boring near North Hainings, Linlithgow.

MUGEAHITES.

Of the rocks which the earlier writers have described as felstones,

porphyries and porphyrites, the greater number have proved to be
rich in olivine and labradorite and have been assigned, in consequence,

to the Markle type of basalts. There are others, however, in which
the felspar is more abundant and of more acid character ; they

contain much olivine but comparatively little augite. These rocks

were suspected to be mugearites by the field geologists. These sur-

mises proved correct as the freshest of the rocks of this group are

mugearites very closely resembling the type rocks from Skye,

described by Mr. Harker.
Mugearites are not numerous or widespread in Mid-Lothian;

they occur on the north side of Arthur's Seat, forming the highest

lava flows between Dunsapie and St. Margaret's locomotive station.

Some of the uppermost beds of the Calton Hill also belong to this

group and there are mugearite blocks in the agglomerate of Arthur's

Seat. The best examples, however, come from Corston Hill where

they occur in the quarry behind Corston.

In the hand specimen these rocks are fine grained, not markedly

porphyritic or vesicular. They have a green colour when fresh, not so

dark as that of the olivine basalts, but where they are weathered

they very often are brown, owing to oxidation of their iron and also

to their richness in felspar. Those which have fluxion structure may
show a thin platy jointing.

In the microscopic slides (Plate XL Fig. 5) many of them are much
weathered. Their principal components, however, are olivine and

plagioclase felspar, with iron oxides. The olivine occurs as numerous
small grains, now converted by secondary changes into carbonates,

serpentine and limonite. Probably augite was present originally in

small quantity, but it, too, is now decomposed and no longer recog-

nizable. Some of these rocks contain small phenocrysts of plagio-

clase felspar ; most of the felspar, however, occurs in elongated

narrow prisms which have a parallel arrangement, or fluxion struc-

ture that gives the rock its fissility. These lath-shaped felspars, five

to ten times as long as they are broad, show rather fine polysynthetic

twinning on the albite plan. Carlsbad twinning is not common.
Their angles of symmetrical extinction are always low, and their
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refractive index nearly the same as that of hard balsam ; consequently

they belong to oligoclase. Their margins often show narrow bands

of untwinned albite felspar with lower index of refraction.

The only other primary constituent of the Corston Hill rock is a

deep brown, very pleochroic biotite which forms small scales of

irregular shape lying among the felspars. This mica is peculiar in

one respect ; it is biaxial with an axial angle about 30 degrees and a

dispersion so strong that the whole space between the apices of the

hyperbolae have a dark blue tinge. As this biotite seemed to

correspond to the description of the problematical brown mineral

which Mr. Harker found in the Skye mugearites, the type slides of

the latter were examined and proved to contain two distinct brown

minerals, one being a variety of biotite identical with that of the

Corston Hill rock, while the other belongs to hornblende.*

The analysis (by Dr. Pollard) of the Corston Hill mugearite is

given below, along with that of the typical mugearite from Skye.f It

will be seen that the rocks have very nearly the same composition

except that the Skye mugearite is richer in alkalies, but it should be

remembered that the latter is in a state of good preservation, while

in the Edinburgh rock the felspars are turbid and somewhat
decomposed, and the augite and olivine completely replaced by
secondary products. J. s. F.
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CHAPTER XVI.

GLACIAL AND EECENT DEPOSITS.

No systematic re-examination of the glacial and post-glacial deposits

was carried out during the recent revision of the Carboniferous areas

in Mid and West Lothian, but a brief outline of these stages of the

geological record may here be given, based partly on the work of the

Geological Survey and partly on the researches of other observers.

The area under description furnishes conclusive evidence that it

passed through the various stages of the development and retreat of

the ice during the period of maximum glaciation. The great ice-

sheet radiating from the Highlands united with that flowing

northwards from the Southern Uplands, and a large part of the

combined ice-field moved eastwards towards the plain of the North
Sea. The Bathgate HiUs and the chain of the Pentlands were over-

ridden by Highland ice as shown by the striae, by the dispersal of

stones in the boulder clay, and by the distribution of erratics. The
continuity and thickness of the covering of boulder clay in the

lowland tracts indicates the intense erosion of the surface of

the country traversed by the ice. The phenomena characteristic

of the retreat of the ice-sheet are illustrated, in this area, by
deposits of sand and gravel, by overflow channels, and by the

deflection of water-courses along the flanks of the Pentland Hills.

There is no evidence, however, to show that the Pentland Hills

nourished independent glaciers during the later glaciation. But the

survival of glacial conditions is clearly proved by the occurrence of

arctic plants on the floors of silted up lakes in the neighbourhood

of Edinburgh and by the remains of the small arctic seal found in

the clays of the 100-ft. raised beach at Portobello.

Within the area under description important evidence is furnished

by certain buried river channels indicating that, in preglacial time,

the land stood higher relatively to the sea than at present. Such
evidence forms a natural sequel to the communication made by Dr.

Croll to the Edinburgh Geological Society in 1869,* wherein he

showed from a series of bores that the ancient course of the river

Carron—a tributary of the Forth—lay along a rocky channel trace-

able from Kilsyth to Grangemouth, the bottom of which was 270 ft.

below the present sea-level. This hoUow is now filled with various

superficial deposits. It followed that evidence might be obtained

pointing to the existence of a preglacial channel or valley of the

river Forth along the floor of the existing estuary. Confirmation of

this inference has been found in the under-sea coal workings at

Bridgeness near Bo'ness, where a hollow has been proved 'to exist

* Trans. Edin. Oeol. Soc, vol. i. p. 330. See also H. M. Cadell, " Notice of the
Surface Geology of the Estuary of the Forth round Borrowstounness," Trans. Edin.
Oeol, Soc, vol. iv. p. 2.
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which may probably represent this preglacial valley. As already

indicated (Chapter IX. p. 135), mining operations have been carried

northwards to the margin of this depression. The depth of the estuary

at this locality is not more than 21 ft. below Ordnance Datum, and the

total thickness of superficial deposits filling the ancient valley must
exceed 500 ft. In the mines, the only deposit encountered in the

hollow has been boulder clay, but this deposit is known to be over-

lain by a bed of pliable plastic clay.

The buried river channel of the Almond recently described by
H. M. Cadell * supplies confirmatory evidence of the greater elevation

of the land in preglacial time. By means of numerous bores in the

oil-shale fields the ancient course of the river has been traced

approximately from the line of the present river at Mid-Calder,

through Clapperton Hall by the west side of Almondell House,

through the south-east end of Drumshoreland "Wood, to Hiddlefaulds,

near Kilpunt. Its trend between these extreme points coincides

roughly with that of the present stream. In a bore put down near

Clapperton Hall the superficial deposits were found to be 210 ft.

thick and their base 100 ft. above sea-level. The site of the bore

was about 60 ft. above the river, thus showing that the old channel

was 150 ft. deeper than the present stream. At Carlowrie, still

farther down the valley, the old channel was found to be 207 ft.

below the present river-bank. As the alluvial flat of Carlowrie is

only about 90 ft. above sea-level, the bottom of the ancient valley at

that locality is 117 ft. below that line. Mr. Cadell is of opinion that

the ancient Almond must have flowed northward from Carlowrie

between the two prominent ridges of dolerite on either side of

Craigiehall, entering the sea close to the site of Dalmeny House, as

this is the only part of the coast-line where there is a break in the

continuous exposure of rock along high-water mark. From the

gradient of the ancient course indicated by the bores he estimates

that the bottom of the old bed at high-water mark should be a little

over 200 ft. below the surface at Dalmeny. He adds that the former
elevation of the land above the present sea-level must have exceeded
this amount, as the river gorge did not terminate at Dalmeny, but
must have extended northward to its confluence with the main
stream. j. h., c. t. c.

Eeference may here be made to a portion of the course of the
North Tyne, partly preglacial and partly late glacial, preserved in

the conspicuous dry valley which is crossed by the North British

Eailway immediately to the E.N.E. of Borthwick.

Between the foot of Currie Glen and the junction of the North and
South Middleton Burns, the latter stream crosses the mouth of a

well-defined, deep, trench-like depression which follows the E.N.E.
trend of the course of the North Middleton Burn until it is cut off

by the railway embankment. The valley is continued on the
farther side of the bank for half a mile in a northerly direction to

the point where it joins the present valley of the Tyne Water
350 yds. south of Crichton Castle. The upper part of the valley is

dry ; the lower, north of the railway, is drained by an artificial cut

which receives the spring water that flows off the drift slopes on
either side.

Trans. Edin. Oeol. Soe., vol. viii. p. J94.
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The highest point of the floor of this valley is found about

100 yds. east of the junction of the Middleton Burns, and there is

a fall of five feet from this point to the bank of the adjacent stream,

which has cut down through the earlier cone of alluvium laid down at

the mouth of the Currie Glen. The fall of the valley northwards
to the embankment is 30 ft., and from the farther side of the
embankment to the Tyne Water 60 ft., making a total fall of

90 ft. in 1500 yds. equivalent to a gradient of 1 in 50. The depth of

the gully—measured from the surface of the railway where it crosses

the valley—is 130 ft. at the embankment, and from thence to the
Tyne Water varies from 140 to 160 ft. The valley has been
excavated partly through rock and partly through the superin-
cumbent gravel and boulder clay. Its western side is defined, for

some distance north of the railway, by a line of sandstone crags, but
farther north it has been eroded entirely in the deep drift deposits.

The present carrying capacity of the channel of the North Tyne
below the foot of this dry valley is small and quite out of proportion
to the width of the valley of erosion.

From a consideration of the facts described above, it is evident
that the Borthwick dry valley represents the former course of the
combined waters of the North and South Middleton Burns at the

time when these streams formed the natural head waters of the

North Tyne. They have been subsequently captured by the cutting

back of the Gore Water and diverted westwards into the basin of the

South Esk. The amount of drainage area thus transferred from the

basin of the North Tyne to that of the Esk covers more than ten

square miles. c. B. c, L. w. H.

1. GLACIAL DEPOSITS.

The materials throwing light on the history of the glacial period

in the area under description may be arranged under the following

heads :

—

5. Ancient lakes.

4. Sands and gravels.

3. Erratic blocks.

2. Boulder clay.

1. Striated rock surfaces.

Striated Bock-Surfaces.—In the western portion of the area, partly

along the western margin of Sheet 32 and partly along the east

border of Sheet 31, various striae have been recorded, many of them
in dolerite quarries where the surfaces have been recently laid bare.

Thus in the tract between Bo'ness and Linlithgow the direction of the

ice-movement varies from east to east 16° south ; farther south between
Linlithgow and Bathgate the strise run from east to E.N.E., and in

some instances south of east. An example of the last is to be found
at PetershUl limestone quarry where the trend is E.S.E., as recorded

by Mr. Ealph Eichardson * many years ago. On the Corston Hill

south of Mid-Calder the ice-sheet moved in a north-easterly direc-

tion, as indicated by the groovings, while only a few miles to

* " Notice on Glaciated Book Surfaces (displaying corals) near Bathgate, Recently
Quarried Away," Trans. E^in. Oeol. Soc, vol. iii. p. 18.
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the E.N.E. on the east side of Dalmahoy Hill the trend is a few

degrees north of east.

Passing now to the central portion of the area we find that on the

dolerite of Dundas Castle and of Corstorphine Hill, on the Castle

Eock, on Calton Hill and on the Whinny Hill the ice-markings run

a few degrees to the north of east. Farther south, on the southern

slope of Arthur's Seat, on Blackford and Braid Hills, at Craigmillar

and as far south as Hunter's Tryst, the direction of movement is a

few degrees south of east.

Of these ice-worn surfaces in the central area perhaps the most

interesting is that on the southern declivity of Blackford Hill, which

has become one of the classic spots connected with the early history

of Glacial Geology in Scotland. In 1840 it was shown by Charles

Maclaren to Agassiz, who at once recognised in the moulded and

grooved surface the work of land ice.* Here the cliff of andesite has

been under cut and has been worn into a cave which is grooved and

striated like the overhanging cliff. The converging striae at the

western entrance of the cave and the diverging markings at the exit

plainly show that the ice must have behaved like a plastic substance

under enormous pressure due to the thickness of the mer de glace.

Another striated surface worthy of special mention occurs on the

northern face of the Castle Eock, where the ice-markings are hori-

zontal on a vertical cliff of basalt.

Within the Pentland Hills few striae have been recorded, but

those that have been noted are instructive. On the crest of Aller-

muir Hill, at a height of 1617 ft., ice-markings pointing a few degrees

north of east were detected by Dr. CroU and Mr. James Bennie, thus

showing that the northern part 6i the chain was overridden by the

ice. Farther to the south-west, in a pass across the Pentlands

between the West Kip and Gap Law, about one and a half miles to the

north-west of Eight Mile Burn, striae indicating a south-easterly flow

of the ice have been recorded.

It is noteworthy that on the projecting ridges of the Warklaw
and Torduff Hills on the north-west slope of the Pentland Hills the

striae indicate a movement of the ice towards the north-east in

harmony with the evidence already referred to as occurring on

Corston Hill. If these markings were produced during the maximum
glaciation, they must indicate an undertow, as boulders from the

Highlands are plentiful in the boulder clay in the Pentlands as far

to the south-west as the heads of the Esk and Lyne Valleys. But it

seems more probable that they were engraved on the rocks when the

Highland ice could no longer overtop the hills, but was compelled

to flow parallel with the ridge.

East of the Pentland Hills the only recorded striae occur not far

from Walstone, about a mile west of Eight Mile Burn,where they run in

a north-easterly direction. These markings may have been produced

by ice advancing from the Southern Uplands when the chain of the

Pentlands separated the northern from the southern ice. This explana-

tion receives some support from the phenomena presented by the fluvio-

glacial gravels of the Mid-Lothian basin, to be referred to in the sequel.

But in addition to the striae and the flutings engraved on the

* The " Glacial Theory—No. 2." Article published in The Scotsman, 2nd January
1841.
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rocks, the peculiar contour of the hills called " Crag and Tail," referred

to by Sir A. Geikie in the previous edition of this memoir, points

unquestionably to the action of land ice. "Many of the more

prominent hills consist of a narrow ridge sloping gently towards the

east and rising abruptly from the lower ground on the west side.

They also commonly have a valley or depression immediately below

the steep side. The prominent part consists of hard trap rock, and
the tailing declivity of sandstones and shales. ' Crag and Tail ' is

well displayed by the Castle Eock, by Arthur's Seat and Calton Hill.

But perhaps the most striking example in the whole of the district is

that of Binny Craig. The summit is 718 ft. above the sea, and 120 ft.

above the hollow on the west side, from which it rises precipitously

into the most conspicuous hill between Edinburgh and Stirling." *

B. N. P., J. H.

Boulder Clay.—Within the area described in this memoir this

deposit forms the chief product of the glaciation of the region, and
varies in character according to the nature of the underlying rocks.

Thus in the western district it consists of a stiff blue or grey stony

clay derived chiefly from the clays, marls and shales of the Lower
Carboniferous strata, charged with boulders of the harder sandstones

and especially of the associated igneous rocks, together with blocks of

volcanic rocks from the Campsie Fells and of the Lower Old Eed
conglomerates from the Highland border. But perhaps the most
conspicuous foreign boulders in this district are those composed of

schistose grit, epidiorite, and garnetiferous mica-schist from within

the Highland region. In the Pentland Hills the boulder clay is of a

reddish tint and of looser texture owing to the great admixture of

materials derived from the red sandstones, conglomerates and
volcanic rocks of Lower Old Red Sandstone age. These are associ-

ated with blocks of various metamorphic rocks from the Highlands.

East of the chain it resumes its dark blue colour and tough texture,

where it again overlies Carboniferous strata. In the extreme south-

east district the character of this deposit changes owing to the

presence of a considerable number of greywackes and shales from

the Silurian rocks of the Southern Uplands.

A glance at the map will show the wide distribution of the boulder

clay over the low grounds, where it forms a nearly continuous cover-

ing with the more resistant crags and ridges of igneous rock rising

above it. Even in the Pentland Hills oiily a comparatively small

area is free from it. On the top of Allermuir Hill (1617 ft.) Dr. Croll

observed a patch of till containing, in association with local stones,

fragments of schist and other foreign rocks, showing that the chain

must have been overriaden by land ice. In the Mid-Lothian basin

it swathes the Carboniferous strata even beneath the fluvio-glacial

gravels and the raised beaches, the palaeozoic rocks being laid bare

only in river gorges, on the seashores, on the Eoman Camp Hill and
in quarries. As an instance of the great depth of this deposit it may
be mentioned that in the Breich Water and in the tract to the north

it reaches a thickness of 100 ft.

On Cliftonhall estate, near the Eiver Almond, a tusk of the

mammoth {Mephas primigenius) was found in 1820 during the

excavation of the line of the Union Canal between Edinburgh and
• " Geology of the Neighbourhood of Edinburgh," Mem. Oed. Bur., 1861, p. 127.
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Falkirk. It measured 39 inches in length and weighed 25| lbs.

avoirdupois. From the description given by E. Bald the tusk seems

to have been embedded in stiff boulder clay.*

One of the best-known sections in the Lothians is that at Hailes

Quarry about two miles south-west of Edinburgh, which is of special

interest on account of the intercalation of a bed of peat in the

superficial deposits. The section was visited by Professor James

Geikie in 1878 and described in detail by him in his volume on
" Prehistoric Europe," 1881, p. 256. As seen in that year a deposit

of tough, blue boulder clay lay at the base, overlain by an irregular

bed of sand with some boulders followed by a layer of peat from

1 to 18 in. in thickness. Above the peat, which was lenti-

cular, came pale blue sandy clay often charged with vegetable

debris and coarse sandy clay with many angular and subangular

stones and boulders, which was covered by a mass of boulder clay from

a few feet to several yards in thickness. Professor Geikie regarded

the deposits lying between the upper and lower boulder clays as of

interglacial age. The plant remains obtained by Mr. Bennie f from

the peat were submitted to Mr. Clement Eeid j for determination,

who came to the conclusion that there are two plant-bearing beds,

the lower one resting immediately on the boulder clay and yield-

ing arctic plants in hollows between the boulders, and the newer one

containing temperate species in association with various plants

usually considered to be only present in this country as weeds of

cultivation. The lists determined by Mr. Eeid are given in the

Palseontological Appendix to this memoir (p. 406).

At Eedhall Quarry, near Edinburgh, Mr. John Henderson §

noted the occurrence of a bed of peat in association with deposits of

sand and gravel which lay between two masses of boulder clay.

The fruits and seeds of a large number of plants obtained by Mr.
Bennie from this peaty layer have been named by Mr. Clement
Eeid. From the many weeds of cultivation, capsules of flax, and
pieces of charcoal which it contains, he infers that it can scarcely

belong to any earlier period than the neolithic
||

(see Palaeonto-

logical Appendix (p. 407). B. N. p., c. t. c, J. s. G. w., j. h.

Erratic Blocks.—The evidence obtained from the distribution of

boulders derived from sources beyond the limits of the region now
under description confirms in a remarkable manner the conclusion

already reached from a consideration of the striae. Though these

are now found on the surface, some of them may be relics of the

boulder clay. Prominent among the erratics are representatives of

the metamorphic rocks of the Highlands, comprising the schistose

grits of Leny, Craignahoolie, and Ben Ledi, the Green Beds and
schistose epidiorites. These are found on both sides of the Firth of

Forth, and they occur sparsely in the Pentland Hills as far south as

the Lyne Water. Special reference may be made to the boulder of

mica-slate weighing about eight or ten tons on the south-east side

of Hare Hill, near Bavelaw Castle, which was first noticed by

* Mem. Wernerian Nat. Hist. Soc, 1822, vol. iv. p. 58.

t Ann. Scot. Nat. Hist., 1894, pp. 46-52.

t
" Origin of the British Mora," p. 72.

§ Trans. Edin. Oeol. 8oc., vol. ii. p. 391.

II

" Origin of the British Flora," p. 86.
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Maclaren* It occurs at a height of 1060 feet above the sea.

Erratics of Highland metamorphie rocks are also to be found in

considerable numbers in the neighbourhood of Middleton in the

extreme south-east corner of Sheet 32, where they have been used in

building dry stone dykes. Boulders of granite and diorite like the

rocks from the Garabal igneous area appear along the south shore of

the Firth between Granton and Leith, and blocks of the same
materials have been found in the boulder clay cuttings of the new
docks at Leith. Further evidence of the transport of materials from
the Highland border is supplied by the occasional occurrence of

erratics of Lower Old Eed conglomerate with quartzite pebbles,

resembling the basal beds of that formation in the Callander and
Aberfoyle region. An excellent example of this type has been
preserved in West Princes Street Gardens, Edinburgh, at the base of

the Castle Eock.

An important hnk in this chain of evidence has recently been
furnished by A. MacEwen Peach,f who has traced boulders of

essexite from their source at Lennoxtown, at the base of the Campsie
Fells, eastwards to the Firth of Forth. They occur along the south

shore of the Firth from Bo'ness to beyond Queensferry till the

southern limit of the track is reached between Hound Point and
Cramond. On the northern shore they have been found at Eosyth
Church and they have been followed eastwards to beyond North
Queensferry, their northern limit being a point between Burnt-

island and Kinghorn. At Hound Point north of Dalmeny, 35

miles from the source of these boulders, the track is 4 miles

across.

Amongst erratics the most remarkable instance within the area

under description is the transported mass of igneous rock at Comiston

sand-pit, in the southern suburbs of Edinburgh, recently described

by A. C. Campbell and E. M. Anderson of the Geological Survey.^

The workings in the sand-pit disclosed three years ago a sheet or

mass of volcanic rock, measuring in thickness from 4 to 9 ft. and in

length from 135 to 150 ft., and resting horizontally on strati-

fied sand and gravel (Plate VIII.), with little disturbance of the

bedding planes of the superficial deposits. At one point the western

part of the transported mass rests on a thin layer of stiff clay with

occasional stones, which has been traced along the south side of the

pit where the volcanic mass is absent. It has been suggested that

this huge erratic, which consists of altered lava, may have come from

Torduff Hill about two miles to the south-west where a similar rock

occurs in place.

The authors suggest that the sands beneath the transported mass

were laid down in a lake ponded by the ice-sheet which filled the

central valley of Scotland at a period of its retreat when it extended

a little to the south of the present site of Edinburgh. They discuss

two theories of transport of this sheet of volcanic rock (1) by land

ice and (2) by ice floating in this temporary lake, without committing

themselves to either hypothesis. But in view of the great size of

rock masses which are believed to have been transported by land

* " Geology of the Neighbourhood of Edinburgh," Mem. Oeol. 8ur., p. 126.

t Geol. Mag., 1909, p. 26.

t Trans. Edin. Oeol. Soc., vol. ix. pt. iii. p. 219.
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ice in Scotland and England, the former theory seems the more
probable. B, N. P., J. H.

Sands and Gravels.—These deposits are chiefly met with in the

Mid-Lothian basin where they cover considerable areas. Between the

Pentland Hills and Bathgate and Bo'ness they form isolated patches

of no great dimensions. At these various localities they may have
been formed'partly by melt water from the retreating ice-sheet and
partly in marginal lakes impounded by the ice front.

A wide sheet of sand and gravel covers most of the lower ground
that extends northwards from the base of the Moorfoot Hills into

the southern part of the area. The gravel seems everywhere to be

underlain by boulder clay which is exposed by denudation in the

valleys and stream sections. The plateau-like character of the

gravelly deposit is well marked between Gorebridge and Borth-

wick, where the flat summits of the undulating plain rise to a

uniform height of between 700 and 800 ft. The gravels are

largely composed of greywacke pebbles derived from the Silurian

rocks of the adjacent uplands, from which it seems probable

that they were laid down when the southern ice had retreated

from that area and the drainage was obstructed by the northern

ice front.

In the western district between Penicuik and Temple the gravels

are more irregularly disposed and often form isolated mounds and
kamiform ridges. An examination of this gravel points to its

having been derived from the west. A large proportion of the

pebbles is composed of volcanic and intrusive igneous rocks similar

to those of the Pentland Hills and the country to the west of that

range.

About 150 yds. north of Eskbank railway station a section

exposes coarse gravel resting upon 8 or 9 ft. of fine sand and clay

free from stones and often finely laminated. Similar clay and sand
are seen in the cutting half a mile south of the station, where they
are overlain by reddish brown boulder clay. A similar sequence is

met with in the old clay-pits of Newton Grange, three quarters of a

mile S.S.E. of this cutting. These pits are situated a little under the

250-ft. contour line and about the same level as the Eskbank
exposure. It seems probable that the sand and stoneless clays at

these localities were at one time continuous before the valley of the

South Esk was excavated.

Excellent examples of eskers occur on the north-west side of

Dalkeith. The largest extends in a general northerly direction for

about a mile from Sheriffhall. Another lies about half-way between
Drum and Gampend, running in a W.N.W. direction for about a

quarter of a mile.

Within the Mid-Lothian basin, and on the slopes of the Pentland
Hills, instances of dry valleys, belonging to a drainage system
initiated at a time when the Highland ice was retreating northwards,

are to be found. At least three valleys which run almost parallel

with the contour lines, and which are now either dry or occupied by
insignificant streams, occur between Eosewell and Bedside, one of

them extending more than three miles. In various places they are

bordered on either side by glacial gravel, and appear to have been
cut out of it. They were probably formed at a period when drainage
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to the north, directly across the contour lines, was impossible owing
to the presence of a barrier of ice.

Between Lawfield and Crossgatehall, on the east side of the

Mid-Lothian Coal-Field, we find a number of slight surface features

which run nearly parallel to the contours in a general north-east

direction. One of these passes near Langlaw and Fuffet, and
develops at its northern end into a valley which cuts deeply across

some rising ground, which probably at one time formed part of the

watershed between the Est and the Tyne.
On the north-west slope of the Pentland Hills the Bavelaw Bum,

instead of flowing directly northward towards the Water of Leith,

runs in a north-east direction for several miles, that is parallel to

the long axis of the chain—a deflection that is probably due to the

cause referred to. In like manner the Walston Burn—a tributary

of the Eight Mile Burn on the south-east slope of the Pentland Hills,

runs for some distance parallel with the contour lines. It is

flanked by a ridge of gravel on the south-east side, and this part of

its course may probably represent a marginal channel.

Certain gaps in the ridge of elevated ground extending along the

Pentland chain to Blackford Hill may represent overflow channels

during the retreat of the northern ice, as for instance the hollow
between Bells Hill and Black Hill, the depression running east by
Mortonhall, and the gap between the Braid and Blackford Hills.

In the western portion of the area (Sheet 31), during the retreat

of the great ice-sheet, a marginal lake seems to have been formed
between the ice front on the west and the ridge of the Bathgate

Hills trending north and south, the overflow from which was gentle

and produced no lasting feature. In the earlier stages of retreat it

was accomplished round the southern end of the hills at the 500-ft.

level, and the gravels and sands of Bathgate testify to the amount
of detritus discharged into the lake by diverted streams and by the

waters of the melting glacier. These gravels, etc., only extend for a

short distance into one-iach Sheet 32. They form several elongated

mounds at Dechmont.
Near Linlithgow a series of sands and gravels occurs below the

230-ft. level, and is well seen on the banks of the Avon, where it

forms the Avontoun ridge. Eastwards, it passes into a conspicuous

series of mounds of sand in the hollow in which the town stands.

Near Springfield and Grougfoot, glacial sands and gravels are also

widely developed, often arranged in mounds with their long axes

running nearly east and west, and in one place reaching a height of

300 ft. above the sea.

B. N. p., C. T. C, L. W. H., J. S. G. W., E. B. B., G. W. G.

Ancient Lakes.
—

"Within the city of Edinburgh and in its

neighbourhood, various patches of alluvium mark the sites of former

lakes and tarns, which were due to the irregular distribution of the

boulder clay. These deposits are of special interest as they throw

light on the climatic conditions that prevailed after the disappearance

of the ice from the lowland districts. The late Mr. James Bennie

of the Geological Survey was the first to discover in these old

alluvia the remains of arctic plants, which clearly prove that they date

back to glacial time. Much of the detailed information which we
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possess regarding these deposits is mainly based on observations

made by him during the close of his career. In 1889 he contributed,

conjointly with T. Scott, a paper on "The Ancient Lakes of

Edinburgh" to the Eoyal Physical Society, among which he

enumerated (1) the North Loch, extending along the North British

Eailway from the Castle Rock to a point beyond the North Bridge

;

(2) Bristo Port Lake
; (3) the loch on the north side of Blackford Hill

;

(4) Jordanvale Lake; (5) the Borough Loch, now the Meadows;

(6) Holyrood Lake ; (7) Corstorphiae Lake. The various deposits are

described by Mr. Bennie, and lists of the moUusca and ostracoda,

determined by Mr. Scott, are given, together with tables showing

their distribution.*

Of these vanished lakes, the one at Corstorphine is by far the

largest, as its alluvium extends from Coltbridge westwards to near

Gogar Park—a distance of about four miles (see Sheet 32). Fortun-

ately the deposits of this lake were carefully studied by Mr. Bennie

during the construction of a trench in connection with the Water
of Leith Purification Scheme (1890-93). The cutting was about

3 miles in length, about 20 ft. in depth and 5 ft. in width. The
following table, abbreviated from his descriptions,f gives in descending

order the sequence of deposits there displayed :

—

6. An upper bed of sand and gravel, 6 or 7 ft. in thickness, often laminated and
sometimes false-bedded, but with hardly any organic remains.

5. The lake marl, consisting of calcareous mud, crowded with the ordinary lake

shells, and felted with long ribbon-like stems of water plants. It varied in

thickness from 2 to about 20 ft.

4. The arctic plant bed composed sometimes of pure drift with no clay or mud,
but most freq[uently of fine clay, mud or silt, with the leaves in thin layers.

In other places the leaves were scattered singly through the deposits,

sometimes with much debris, consisting of vegetable fibres, dried rootlets,

or epidermis of water plants, sometimes with quantities of twigs about an
inch long, stripped of bark, rounded at the ends and water-worn. Fruits
of the arctic willow were of frequent occurrence.

3. Fine laminated clay, evidently representing the finer silt washed out of the
boulder clay on the adjacent ground, free from peat and marl, and with no
organic remains except the rootlets of water plants.

2. Coarse grey sand with occasional stones, probably the residue of the boulder
clay from which the finer silt had been washed away.

1. Boulder clay of unknown thickness, but irregular as it sometimes reached the
surface and sometimes lay beneath the sewer cutting.

The seeds and leaves obtained by Mr. Bennie from this old

alluvium were determined by Mr. Clement Eeid (see Appendix,

p. 408), who states that the vegetation consists mainly of dwarf
willow and birch, with a few herbaceous plants of species still living

within the Arctic Circle. J The arctic species no longer living in the
lowlands of Scotland comprise willows (Salix polaris, S. herbacea,

5. reticulata), the dwarf birch {Betula nana), the white dryas {Dryas
octopetala) and Oxyria digyna. Of these forms Salix polaris is the

only one now extinct in Britain. Mr. Eeid regards the deposit as

late glacial and contemporaneous with the plant beds at Hailes in

* Proc. Boy. JPhys. Soc. Edin., 1888-90, vol. x. p. 126, and H. M. Cadell, "A
Map of the Ancient Lakes of Edinburgh," Trans. Edin. Oeol. Soc, 1888-93, vol. vi.

p. 287.

t Arm. Scot. Nat. Hist. , 1894, vol. iii. p. 46,

X Brit. Assoc. Sep., 1892, p. 716,
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Mid-Lothian and Dronachy in Fife.* Confirmatory evidence of the

arctic conditions under which the peaty layer accumulated in

Corstorphine Lake is furnished by the occurrence in it of abundant
remains of Zepidurus glacialis {Apus], a phyllopod now found living

only in the freshwater lakes of Greenland and Spitzbergen.

Eegarding the arctic plant bed in Hailes Quarry, Mr. Bennie
records that it was found at the bottom of a series of deposits, which
proved the existence of a tarn or lochan in a hollow space between
boulder clay hillocks in the north-east corner of that quarry. His
interpretation of the descending sequence of materials is given in the
subjoined table :

—

7. Vegetable soil, about 2 ft. thick.

6. Ochreous sand witb no organic remains, about 6 ft. thick.

5. Coarse sands, gravels and silts from 8 to 10 ft. in thickness, charged with
hazel nuts, acorns, alder seed cones and stones of fruits, with much drift-

wood in the shape of twigs, pieces of bark of trees and in rare cases tree
trunks 8 or 10 in. in diameter.

4. Silts with seeds of Potamogeton and occasional patches of solid peat with seeds
of Potamogeton, Menyanthes and Carices. In "addition to these forms circular
bodies supposed to be statoblasts of a freshwater polyzoon and the remains
of Daphnia were found.

3. The arctic plant bed consisting of fine sandy mud or silt from 1 to 2 ft. thick,

in which the relics of vegetation occurred generally as thin layers and some-
times scattered through the deposit as single leaves. As in the peaty layer
in the Corstorphine Lake the plants were here associated with abundant
remains of the phyllopod Lepidurus glacialis [ApusJ.

2. A layer of large stones evidently washed out of the boulder clay.

1. Boulder clay representing a true ground moraine.

Passing from these interesting relics of the vegetation of the Edin-
burgh district in late glacial time, we may here allude to an important

discovery made by the late Mr. Macfie of Dreghorn, which gives a

glimpse of the mammals that frequented the region after the retire-

ment of the ice-sheet. In a rock fissure in the basic andesite at Green
Craig in the Pentland Hills, about three-quarters of a mile south of

Dreghorn Castle, he found an ossiferous breccia which yielded bones

representing several animals. These were described by Mr. James
Simpson of the Anatomical Department, University of Edinburgh,

who states " that the condition of the bones, as well as their environ-

ment, points unmistakably to the fact that they constitute part of

the contents of the lair of some carnivorous animal, for they are

gnawed and split up in the manner so characteristic of the bones of

the prey of such carnivores as the hytena. Into this lair or den the

animal musb have dragged portions of its victims, consisting chiefly

of limbs, to be subsequently devoured." f
He determined portions of the skeletons of five individuals of the

Cervine group of deer, two right radii of two horses, a radius and
ulna of the wolf, and teeth and portions of the lower jaw of the fox.

The presence of reindeer was proved by the identification of parts of

the skull and of the metacarpal and metatarsal bones.

From the absence of boulder clay and of ice-worn and striated

stones in the fissure, Mr. Henderson inferred that the ossiferous

breccia was formed after the general glaciation of the region. The
fissure was mostly filled with weathered and angular fragments of the

* "Origin of the British Flora," p. 62.

+ Trcms. Edin. Qeol. iSoc, 1886, vol. v. p. 294.
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andesite of the Craig, the bones occurring in a layer about 3 ft. in

depth near the bottom*
In this connection it is interesting to observe that the remains of

the red deer, the horse, the ox, the goat and the field vole were found

by the workmen in the superficial deposits in Hailes Quarry, which
were described by J. Simpson and Dr. Hepburn in 1899.f At a later

date, human remains were discovered in association with those of the

red deer and the ox in the same quarry. J. H.

II. RAISED BEACHES.

In the area now under . description, terraces representing raised

beaches or their inland extension as river terraces occur at the

following approximate levels above Ordnance Datum : 125-130, 100,

75, 50, 25-30 ft. respectively.

To the east of Edinburgh, between Wallyford and Smeaton, the

landward margins of the highest platform can be traced for more
than a mile. South of Smeaton, the 125-ft. beach appears to rise

gently in a southerly direction till it reaches 150 ft. at Cowdenfoot.

The southern limit is very indefinite. The gravel that forms the

uppermost layer under a great part of Dalkeith slopes gently to

N.N.E., and perhaps represents a fluviatile deposit that was formed
contemporaneously with this beach. At Duddingston and to the

north-east of Craigmillar Castle, large alluvial flats occur a little

above the level of the 130-ft. platform and may be synchronous
with it.

The brick clay exposed at the PortobeUo clay-pits, which has
been proved by boring operations to be 100 ft. thick, is classed by
Dr. James Geikie with the 100-125-ft. raised beach deposits, and,

as already stated, has yielded the remains of the small arctic seal.|

At Errol, beds which are supposed by him to be of the same age
have yielded shells of an extremely arctic type, such as Peden
groenlandicus, Leda arctica, Tellina myopsis.^ The inland margin of

this beach can be traced round the east end of the Calton Hill and
westwards through the city by Gayfield Square and Great King
Street. West of Edinburgh the inner edge of the highest terrace

clings closely to the 100-ft. contour line, but it is not persistent.

The platform is cut out of boulder clay, and, at Blackness, it yields

a brick clay of good quality, formerly used for the manufacture of

bricks and tiles. To the south of Dalmeny House this terrace

reaches a little beyond the Edinburgh and Queensferry road, and
farther south it has been traced up both sides of the valley of the

* Op. cit. p. 302.

t J. Simpson and D. Hepburn, " On Mammalian Bones found during Excavations
at Hailes Quarry, near Edinburgh," Trans. Mdin. Geol. Soc, vol. viii. p. 27; and
D. Hepburn, " On the Association of Human Remains with those of the Red Deer
and the Ox in Hailes Quarry," op. cit. vol. viii. p. 197.

t
" The Great Ice Age," 1894, 3rd ed. pp. 272, 273, and Dr. AUman, Edin. New.

Phil. Journ., 1859, vol. x. p. 131.

§
" The Great Ice Age," 1894, 3rd ed. p. 275, and Dr. Jamieson, " On the

History of the Last Geological Changes in Scotland," Q.J.G.S., 1865, vol. xxi.

pp. 196-199. It should be stated, however, that the latter author does not admit the
existence of any 100-ft. raised beach on the east side of Scotland (" On the Raised
Beaches of the Geological Survey of Scotland," Oeol. Mag., 1906, No. 499, p. 22),
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Almond to Kirkliston. During this period a large landlocked

estuary existed between Hallyards and Craigiehall, and was con-,

nected by a narrow neck with the outer channel at Cramond Bridge.

Numerous bores over this area show that the 100-ft. beach deposits

vary in thickness from 9 to 43 ft., and consist of running sand, mud
and gravel resting on boulder clay.

Still farther west, a raised beach, which reaches a height of

125 ft., is well seen in Bo'ness, and beyond that town near Kinneil
House, thence it can be followed with occasional gaps to Inveravon,

and up the Avon as far as Linlithgow Bridge. Near Bo'ness a

slightly lower terrace about the 100-ft. level is observable.

The 75- and 50-ft. terraces are to be found only in the area lying

to the east of Granton in Sheet 32.

The lowest of these beaches, from 25 to 30 ft., forms a striking

feature along the coast between Preston Grange and Bo'ness. The
brick clays, which, at Portobello, were found by Hugh Miller to

contain Scrdbicularia piperata, probably belong to this beach. Near
Fillyside, Leith, as recorded by Hugh Miller, the boulder clay along
the high-water line is perforated by Mya truiicata, with the siphun-

cular end uppermost, and other shells in their natural position.

These observations show that at a former period what at present

forms the high-water line must have lain within the habitat of the

Mya, that is, between 18 and 40 ft. lower than at present.*

West from Leith the 25-ft. beach forms a narrow shelf bounded
inland by a high bluff, upon which the lower parts of Newhaven and
Granton are built. Here the common shells of the present shore

have been found in these deposits. From the mouth of the river

Almond to Blackness Castle the inner edge of this terrace appears

to reach a height of from 35 to 40 ft. above sea-level. On exposed

headlands, such as Snab Hound Point and Whitehouse Point, this

beach is represented merely by a rock notch, westwards towards

Bo'ness it is a terrace of deposition.

III. ALLUVIAL TERRACES.

In Dalkeith Park the higher raised beaches, and other older

deposits, have been carved into a series of river terraces—at least six

in number—which are unusually distinct. The topmost terrace is

only about 20 ft. below the level of the highest raised beach.

To the east of Kirkliston the river Almond meanders through a

series of large flat meadows, which are coloured as alluvium on the

one-inch map, but in reality compose the platform of the 100-ft.

beach overlain by a thin covering of freshwater deposits.

The river Almond from Kirkliston to Blackburn traverses a

deep narrow valley, to a large extent cut out of boulder clay, with

narrow alluvial terraces along the bottom. At Livingston Mill a

good section shows the highest river terrace resting on an irregular

denuded surface of boulder clay.

C. T. C, J. S. G. W., E. B. B., E. M. A.

* " Geology of the Neighbourhood of Edinburgh," Man. Geol. Surv., p. 129 ; also

Hugh Miller, "' Edinburgh and its Neighbourhood," 1870, p. 110.



CHAPTEE XVII.

ECONOMICS.

Coal and Ironstone.

Mid-Lothian Coal-Field.—In the preceding chapters the geological

structure and lithological characters of the strata in different areas

have been described, but future mining exploration will doubtless add
much to our knowledge of certain parts of the field. Eecent statistics

show that the development of the Mid-Lothian coal-field has been

making steady progress. In the year 1903 the output of coal in this

county amounted to 1,623,390 tons, but in 1905 it had increased to

1,914,015 tons.* None of the Edge Coals has yet been mined right

across the basin, and the " winning " of under-sea coal is just

beginning. Mr. J. S. Dixon f estimates that the quantity of coal, in

seams one foot or more in thickness, still available in the Lothian
coal-field—under which term are included the Haddingtonshire
coal basin and parts of Peeblesshire as well as the Mid-Lothian Coal
Basin—amounts to 2,520,311,573 tons. To this quantity is added
one-third of the supply which is estimated to occur beneath the

Firth of Forth.J this being the proportion expected to be mined by
collieries on the Lothian shores. It is inferred that the coal

resources of the whole area could maintain the present output for

nearly two thousand years.

Mr. Dixon also estimates that in the Lothian coal-field 81'7 per

cent, of the available coal occurs in seams which are 24 in. and
upwards in thickness.

Mr. John Gemmell, who assisted Mr. Dixon in the Eastern
Division of Scotland, has kindly informed us that out of the estimate

of 2,520,311,573 tons just referred to, an amount of about
2,365,000,000 is considered to be contained in the Mid-Lothian
coal-field.

It is to be remembered, however, that at present comparatively
few seams—only the best and the thickest— can be profitably

worked, and that the depths of some of the coals in the central

flatter part of the basin are very great.

Mr. Martin stated a few years ago § that the Great Seam at

Niddrie, whose total thickness is 7 or 8 ft., is only worked there for

the sake of the cannel coal, about 2 ft. thick. The bottom part of

the seam consists of 3 ft. of common coal which is left intact.

* " Mines and Quarries : General Report and Statistics," for 1903 and for 1906.
The output for the whole of Scotland in the latter year amounted to 35,839,297
tons.

t
" Final Eeport of the Royal Commission on Coal Supplies," 1905, pt. vii. p. 7.

j In estimating this amount no deduction appears to have been made on account
of the possible continuation seaward of the Pentland fault and the folds near it.

§
" First Eeport of the Royal Commission on Coal Supplies," 1903, vol. ii. p. 69.
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In the Niddrie Collieries the Great Seam has been proved to a

depth of 2756 ft. below the surface, being nearly flat at this depth,

and the lower seams must of course be correspondingly deeper. Near

the centre of that part of the basin which lies immediately north of

the Sheriffhall fault, the general dip is towards the south, and the

depth of the Great Seam may in places be nearly 3500 ft., but on the

south side of this dislocation its depth is of course considerably less.

In the Newbattle cross mine of the Lady "Victoria Pit, Newton-
grange, the Parrot Coal has lately been cut at a depth of about

2000 ft. below Ordnance Datum. In the Carrington Dook of the

same colliery this seam is somewhat higher, chiefly in consequence of

the north-easterly faults with downthrow to the north-west that

pass through Newtongrange, and about a quarter of a mile W.N.W.
of Aikendean, perhaps a mile on the east side of the centre of the

basin, it is about 1746 ft. below Ordnance Datum (or about 2150 ft.

below the surface), and lying at gentle angles.

On the western side of the basin many of the seams are very

steeply inclined where they are near the surface and for some con-

siderable distance down. Unfortunately coals dipping at a high angle

are more costly to work than flat seams. A pit sunk to a seam
which is very highly inclined opens out a comparatively small area

of workable coal. Only coal to the rise is available, and though

cross-cut mines may connect a number of seams at the pit bottom,

still these entail great expense. Moreover, coal-cutting machines

cannot be used where the seams are steep. On the west side of the

basin, until it was possible to go down deep enough * to get the edge

coals in a flat position, it was impossible to work these seams with

economic advantage.f It is, also, to be remembered that in the flatter

beds near the centre of the basin great quantities of water are often

encountered, which increase the working costs.

It is evident that the strata in all the Carboniferous groups have

a general tendency to diminish both in thickness and in coal

contents, as they are traced from the north-west side of the basin

either in a southern or eastern direction (see p. 159). Hence we
may expect that the deeply covered untapped seams of the Edge

Coal series, which lie near the centre of the syncline between Mussel-

burgh and Barleydean, will on the average be intermediate in

thickness between those in the adjacent parts on either side. It is

important to bear in mind that both at Arniston Mains and at

Penicuik the Edge Coal group is only about half as thick as at

Niddrie, and that the seams belonging to this, division which are

exposed on the south side of the Vogrie-Temple fault do not ofler

much promise of profitable mining. It appears that on the coast of

Fifeshire the Edge Coal group is not so well developed as near

Joppa,! and therefore its general under-sea development cannot be

expected to be so good as at the latter locality.

The Coal Measures also show a tendency to decrease in thickness

as we pass in a southern or eastern direction from the north-west

* R. Bald, in his " Observations on the Coal- Field and Accompanying Strata in the
Vicinity of Dalkeith, Mid-Lothian," Edin. Phil. Journ., 1827, vol. iv. p. 115, states

that at that date no pit in Scotland exceeded 80 fms. in depth.

t R. Martin, " Coal-Mining in the Musselburgh Coal-Field," Trans. Edin. Oeol. Soc.

Tol. viii. p. 379.

J
" Final Report of the Royal Commission on Coal Supplies," pt. vii. p. 2.
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side of the basin, aud, besides, the higher seams in this group
are not preserved on the south side of the Sheriffhall fault. The
eastern area of the Coal Measures between Dalkeith and Carrington

has been much less mined than the western, but parts of it are

being approached by underground roads in the Polton and Whitehill

Collieries. On the coast of Fifeshire the coal seams of the Coal

Measures are stated* to be better developed on the average than

on the Mid-Lothian shore, and therefore they may be expected to

be generally well developed in the invervening under-sea areas.

As already stated, it is only a few of the best coals which are

now being mined.f The following list, drawn up from information

supplied by the various mining companies, shows briefly the different

seams which are now or have recently been worked, together with

the usual thicknesses and qualities :

—

Name of

Colliery.
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Name of -

- Colliery.
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shale is 8 ft. thick and is included in the Lower Limestone
group.*

m
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Bo'ness- a-nd ^Bat/igate.—Coai-min-ing- is - the - most-iBa{)ertant-4n-

dustry carried ou near Bo'ness and Bathgate, and the shipping

trade of the former town is also mainly connected with mining,

the harbour being conveniently situated for the export of coal

from many distant pits, as well as for the import of pit props and

timber.

The northern part of this coal-field is said to haye been partly

wrought by the monks of Holyrood about the end of the twelfth

century. The coal- seams that were capable of being profitably

worked in the area between Bo'ness and Linlithgow appear to have
been already exhausted for the most part, except near Kinneil, where
the workings reach a depth of more than 1560 ft. below the sea-

level, arid even in this region it is to be feared that the coals

may soon deteriorate or disappear as they are followed towards the

dip, in the direction of the North Hainings deep bore, in which no
workable seam was found (see p. 136). How far westwards the

deterioration extends is not known, but some hope may be

gathered from the fact that the coal-bearing group referred to is

entirely free from cotemporaneous volcanic intercalations when it

rises to the surface again along the west side of the Lanarkshire

basin.

Three collieries are now working on the shores of the Forth, and
it is expected that a further development of mining under the Firth

of Forth will shortly be witnessed, new sinkings having recently

been in progress at Kinneil, Bridgeness and Cari'iden. Operations

under the Forth are, however, liable to sudden interruption owing to

the presence of a deep preglacial hollow—probably part of the old

valley of the Forth *—at the sides of whicli the coals crop out

against boulder clay. The outcrop of the Easter Main Coal against

the boulder clay, on the south side of this hollow, strikes about east

and west for nearly half a mile at a distance of rather more than

600 yds. north of Bridgeness Pier, and at a depth of about 500 ft.

below the sea. The corresponding outcro]DS of the Lower Parrot and

Ironstone Seam and of the Red Coal have also been found, and it is

clear that the hollow referred to makes a big bend towards the south

as we follow it up stream. But fortunately nothing except boulder

clay of a stiff impervious character has hitherto been found in the

hollow. This deposit is overlain by a bed of plastic waterproof clay,

which Mr. Cadell states "can bend down when the rock sub-

sides during the process of working the coal seams below, on the

long wall system." f
The Wood Coal, under the Arden (Dykeneuk) Limestone, is

nearly three feet thick to the west of Bo'ness, and does not appear

to have been worked except in shallow mines, but it is only a second

class coal.

The washings from each of the seams—the Smithy and the Six-foot

—which are now mined at Kinneil are finely powdered and coked in

ovens at the Snab Pit. The East Main Coal of Carriden is described

* Already partly described by Mr. Cadell in his description of the " Surface Geology
of the Estuary of the Forth round Borrowstounness " {Trans. Edin. Oeol. Soc., vol. iv.

p. 2), and again in a " Note on the Buried River Channel of the Almond " {Trans.
Edin. Oeol. Soc., vol. viii. p. 194).

t " Submarine Coal-Mining at Bridgeness," Trans. Fed. Inst. Min. Engineers,
1898, vol. xiv. pt. ii. p. 237.
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-by -Messrs. Tatlock and Thomson as an excellent coking coal, giving

a hard and durable coke of the finest quality, but it has never been
coked at the pit.

At Bathgate the valuable parrot and ironstone of the Balbardie

Seam is chiefly sought after, but to the south, at Blackburn, none of

the proved coals contains parrot, and ordinary bright coals are alone

mined. The volcanic rocks here, as near Bo'ness, appear to increase

in importance westwards, to the dip, for a certain distance (see p. 127).

The absence of workable coals in Vivian's bore (see p. 138) is probably
due, however, to this bore having passed through the large east and
west fault, by which the upper more productive part of the coal-

bearing group is faulted out.

In the Mosshall and Woodmuir district the collieries at present

working are Foulshields, Loganlee and Lower Woodmuir ; Stoueyburn
and the pits between Blinkbonny and Miller's Moss being all dis-

mantled.

The following list, drawn up from information supplied by the

various coal-mining companies, shows briefly the different seams
which are now, or have recently been worked in the Bo'ness and
Bathgate district, together with their average thicknesses and
qualities. The Cobbinshaw Coal, placed at the end of the list, lies in a

stratigraphical position considerably below the others, and has often

been correlated with the Hurlet Coal of Eenfrewshire :

—

Name of

Colliery.
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Colliery.



Analyses of Coals in the Bo'ness and Bathgate District. 347

I

1



348 Economics.

on the roof squeezed "the pillars"down into the pavement, while the

roof was so bad that a foot and a half or two feet of the seam had to

be left to support it, thus entailing the loss of nearly half of the

available coal.* J. s. G. w.

Brick Clay and Fikeclay.

^lid-LotJiian Goal-Field.—Bricks are made at various collieries,

including ^Vhitehill, Arniston, Newbattle and Prestongrange, the
material used being either shale (blaes) procured in " brushing

"

the underground roads, or uuderclay, or mixtures of these materials.
At Prestongrange, one of the coals, called the Clay Seam, is chiefly

worked for the sake of the underclay, about two feet thick,which under-
lies it. At Whitehill, firebricks and sewage pipes etc., are made of

the fireclay that underlies the Great Seam, while building-bricks are
made of blaes got near the position of the Splint and other coals.

At Arniston Colliery the best clay is said to be that which underlies
the Kailblades Coal. Some fireclay procured from the partings in
the Fifteen-foot Coal is sent from Newcraighall ColHery for use in

the Portobello Brickworks. More than thirty years ago, fireclay a
little below the Index Limestone was used at Joppa ; the material
procured is said to have been conveyed to the Bankpark Fireclay
Works,- Tranent, and to have been there manufactured into firebricks,

pipes and gas-retorts.

The clay formerly worked at Smeaton for making bricks and
tiles occurs below the level of the highest raised beach, and is

probably of much the same character as that at Portobello (see p. 349),

but it is not now exposed.

Finely laminated glacial clays exposed near Eskbank railway

station are said to have been formerly dug for brick-making.

Similar clays have also been worked in the old clay-pits near

Newtongrange.
The mottled red, brown and purple clays found in the Coal

Measures on the north side of the Sheriffhall fault at Dalkeith have

a close resemblance to the marls that lie above the Etruria beds of

North Staffordshire, and are so much used for the manufacture of the

Staffordshire blue bricks. Samples of this clay have, at the request

of the Geological Survey, been moulded and burnt into miniature

bricks (4'3 in. x 1'9 in. x 1'45 in.) by Mr. Dunnachie, of the Glenboig

Fireclay Company. Professor E. Stanfield, of the Heriot Watt
College, has tested these bricks, and states that the average crushing

load of the two is 5'31 tons per square inch. He adds, " The samples

resemble,' in appearance and strength, the well-known Staffordshire

blue brick, which has an average crushing strength of about 2'3 tons

per square inch. The usual thickness of a brick is 3 in., and if the above
samples had been of similar dimensions instead of 1'45, I should

have expected the crushing strength to be at least equal to that of

the Staffordshire variety. The material appeared to be homogeneous
in character, and the samples were well burnt. The Staffordshire

blue brick is used for positions requiring great strength : piers,

foundations, abutments, etc. Its power of absorbing water is

* H. M. Cadell, " The Geology of the Oil-Shale Fields of the Lothians," Anni-
versary Address, 1890, Trans. Edm. Oed. Soc, vol. viii. p. 131.
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very low, and this property renders it most suitable for such

positions."

Some of the coal-seats are very siliceous and closely resemble the

ganisters of the West Eiding of Yorkshire, which are so much in

request for the manufacture of Silica bricks. A bed a little above

the base of. the Coal Measures east of Roslin Castle, and another,

outcropping in the North Esk about half a mile east of Auchendinny,

may be mentioned as examples of these siliceous varieties, but the

former is only about a foot thick, and the latter two feet. A sample

of the latter has been analysed by Dr. Pollard and gave the following

result :

—

Si02
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hand methods of manufacture were employed. These are now all

superseded by the large works at Winehburgh, Camps and Eccles-

machan, equipped with the most modern machinery. The materials

used at the first two localities are boulder clay and blaes which

are excavated together in about equal proportions. The large stones

in the clay are thrown aside, and the mixed material is ground in a

pug mill and then passed through the brick-making machines.

The brick-making machinery used in this district is that con-

structed by Bradley & Craven, and the kilns are either continuous

burning Hoffman's, or those based on the Newcastle plan. These

are intermittent and appear to be inferior to the continuous

type.

Bo'ness and Bathgate.—At Foulshields Colliery a brickwork has

lately been started. The material used is a mixture of shale brought

from Cleland, and of boulder clay dug from a pit alongside the works,

the clay being separated from the large stones. The brick-making
machines are manufactured by Bradley & Craven, and the kiln

used is based on the Newcastle plan, with five chambers, which,

when in full working order, can turn out 10,000 bricks of good
building quality per day.

Bricks and tiles are made from an alluvial clay west of Bathgate,

and, a few years ago, an attempt was made to manufacture
artificial sandstone from the drift sands. Tlie process was a French
one, and consisted in subjecting a mixture of sand, lime and asbestos,

first to pressure, and then to the action of steam. By being pressed

into moulds the mixture was shaped into bricks of any size required,

which retained their form when subsequently heated by steam.

A bed of clay above the limestone at Whitebaulks was formerly

wrought for brick-making.

Near the coast about a quarter of a mile north-east of Blackness,

a bed of blaes within the Calciferous Sandstone series has formerly

been dug, presumably for making pipes for field drains. It appears

that a bed of calcareous ironstone, cropping out on the beach near

the old blaes pit, was at one time used for making hydraulic lime.

The ironstone is said to be overlain by an alum shale, also formerly

put to a commercial use.* c. t. c, j. s. g. w., e. b. ff.

Oil-Shale.

In view of the recent publication by the Geological Survey of the

memoir on " The Oil-Shales of the Lothians " only a brief reference

will here be made to the best oil-producing shales within the area.

The quality and thickness of the different seams of oil-shale

show great variations throughout the region under description.

At Cobbinshaw the richest seams are the Fraser and Fells Shales,

the lower ones are not represented. In the West Calder district

the Fells and Dunnet Shales are the best, while the Broxburn
is of inferior quality. At Pumpherston the Dunnet and Barracks

shales are the oil-producers. The Pumpherston group is now wrought
only by the Broxburn Oil Co., on the north side of the Pumpher-
ston anticline. The Broxburn Seam is rich at Broxburn, while

the Fells is there too poor to work. In the Philpstoun district

* statistical Account of Scotland, 1845, vol. ii. p. 50.
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the Broxburn Shale is the only workable seam and the Dunnet
is useless, while on the north side of the Ochiltree fault at Dudding-
ston the latter is thick and of good quality. At Dalmeny the

Broxburn Seam is the only oil-producer, the Fells being too thin

to work. At Straiton the Dunnet is the best shale and is of

excellent quality. On the north side of the Forth this seam is

the only one known in the Burntisland district and is inferior.

Eeiineries are situated at Broxburn, Pumpherston, Oakbank,
Addiewell and Uphall, where oil-shale is also retorted. In addition

to these works retorting plants are in operation at Dalmeny,
Niddry, Hopetoun, Philpstoun, Eoman Camp, Deans, Seafield and
Breich, and the crude oil is sent to the different refineries to be

Analyses of Shales prom Granton, Hailes and Eavelstcn.

Crude Oil.

Localities, etc.

Gallons

per Ton
of Shale.

Sp. Gr.

Sulphate
of Ammonia.

Setting
Point.

Lbs. per
Ton of

Shale.

Granton shore. An average taken of

many specimens
Hailes Quarry, from 6 to 18 ft. above

the Hailes Sandstone. Samples with
fish remains taken across the 12 ft. .

.

Railway cutting 100 yds. above or

south of Boag's Mill, Water of Leith,

from a bed 1 ft. thick at the bottom
of the shale .

.

Shales from Granton Harbour :

—

No. 1

"
3 :: ;: :: ::

„ '1

Wardie Shale, i^robably not far above
the Craigleith Sandstone, 60 yds.

slightly south of east of Eavelston
Lodge on the south side of the new
roadway parallel with and immedi-
ately south of the Queensferry Road.
Specimen taken 2 to 3 ft. below sur-

face of soil,and therefore weathered.

.

Six samples from 12 ft. of shale.

Each sample represents a fair aver-

age of a thickness of 2 ft. From
excavation for retaining wall on
south side of Queensferry Road,
90 yds. east of Ravelston Lodge

;

now covered up :

—

No. -
'

1,
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manufactm-ed into the various burning and lubricating oils and wax
products. J- s. G. w.

Eeference has already been made (p. 171) to the series of bores

put down along the west side of the Mid-Lothian basin between

Eight Mile Burn and Carlops and thence to West Linton. One
oil-shale of good quality (the Carlops Shale) has been found in

most of these bores, which probably represents the Dunnet Seam in

the Straiton section, in the Calciferous Sandstone series. L. w. H.

Some of the oil-shales associated with the Granton Sandstone,

Wardie Shales aud Hailes Sandstone (see Chapter X.) have been

analysed by Mr. D. E. Steuart of the Broxburn Oilworks, the

results being given in the table on previous page. It should be stated

that these shales are not considered to be workable at a profit

at the present time.

Mr. Steuart has also added the following remarks :
" These

laboratory determinations of ammonia require to be doubled to

give approximately a works result.

" The most of the samples were weathered and the results from

fresh shale would no doubt be a good deal better. The shales from

the paraffin oil manufacturers' point of view are worth investigation.
" The shales at present worked in Scotland give 23 to 27 gallons

crude oil per ton and 40 lb. sulphate of ammonia, and 18 to 20

gallons crude oil with 50 to 60 lb. sulphate." c. B. c.

Silver, Lead and Nickel Ores.

Hilderston Mine (Sheet 31).—At the locality called Silvermine,

about two miles N.N.E. of Bathgate, a vein occurs which

is said to have contained filamentary native silver. The ore was
worked in the time of James VL, and the old records* state that

it proved rich down to a depth of 12 fms., but below this level

down to 30 fms. the vein proved worthless.

The mine was explored between 1870 and 1873,f and a shaft

was sunk to a depth of over 220 ft., but no native silver was
discovered. The vein was found to lie on an east and west whin-

stone dyke, which branched from the north and south dyke exposed

at the surface to the west of the mine. The veinstone is barytes. The
beds forming the hanging wall of the vein measured vertically are :

—

Ft.

Sandstone
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Against the whinstone the vein is about 6 ft. in width, and
consists entirely of barytes. Opposite the blaes the vein carried

a little galena, and opposite the limestone a very little oxidised

nickel ore and argentiferous galena, whilst on reaching the "marl"
the vein practically disappeared.

A bore put down to a depth of 360 ft. below the metals found

in the bottom of the pit proved "almost nothing except marl."

It is probable that much of the njarl, especially that referred to

in the two last items of the section, is really volcanic ash, which
is known to underlie the limestone.

About 60 yds. to the north there is a thin vein, which carries

a little galena.

Goodchild* confirms the statement that the principal veinstone

is barytes. Further, he adds that the galena occurs in Scattered

nests and crystalline masses, and that with it are associated niccolite,

annabergite and erythrite. h. b. m.

Limestone.

Mid-Lothian Basin.—The Burdiehouse Limestone has been
wrought opencast for at least a hundred years by a series of

quarries between Straiten and Burdiehouse Mains, and also to

the south of Pentland Mains. The quarries are now closed, on

account of the heavy cover, but the stone is still obtained at

Burdiehouse by a mine proceeding from the outcrop towards

the dip, and at Straiten by a shaft 50 fms. deep. The stone

is calcined, and the lime sold for building purposes and gas

purification.

The outcrops of limestone along the arch of the anticline between
Hillhead and Cousland, on the west side of the Coal Basin, are at

present less worked than formerly. At West Houses it is being

mined in a day-level by the Lothian Coal Company, and conveyed
thence to the kilns at Bryans. At Cousland the Caledonian

Portland Cement Companyhas lately erected plant formaking Portland
cement from a mixture of finely ground limestone, obtained from
the adjoining quarries in the Middle Skateraw or No. 2 Limestone,

and of finely ground shale (blaes), got from above the lime-

stone in the same quarries. The composition of the limestone

is said to be tolerably uniform, and is indicated by the following

analysis :

—

Carbonate of lime
Silica

Ferric oxide
Ahimina
Magnesia
Combined water and loss

94-'77

0-88

1-63

0-87

0-83

1-02

100-00

The composition of the shale is said to be more variable,

* " Notes on the Minerals of the Hilderston Silver Mines, Linlithgow," J. G.
Goodohild, Trans. Edin. 6eol. Soc, 1898, vol. vii. pp. 201-202.

23
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but the following analysis * may be taken to represent the

average :

—

Silica
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Carbonate, of iron
Iron oxide and alumina,

Organic matter etc.

Sand

3-29

1-18

1-48

1-20

100-00

(2) Analysis of the Charlestown Ground Lime. (John Hunter, F.I.C.).

Caustic lime
Carbonate of lime
Caustic magnesia
Silicate of magnesia .

.

Iron oxide and alumina
Organic matter etc.

Sand

67-41

613
2-90

11-00

5-20
2-36

5-00

100-00

The Chick limestone of Petershill and Hillhouse was also quarried

a very long time ago. It has been worked almost continuously

for a distance of five miles along the outcrop, and was also followed

underground, westward, to a considerable extent. Immediately
north of Bathgate new quarries might be conveniently opened in

this limestone, should an increased demand for lime arise in the

future.

Limestones have also been wrought in the following, among
other places :

—

East Kirkton (Sheet 31) in the Calciferous Sandstone series.

South side of Addiewell (Sheet 31) in the Lower Limestone group.

Baads Mill „
West Kirkton (Sheet 31)
Tartraven „
Whitebaulks „
Waiidlaw (Sheet 31)
Dykeneuk, Kinneil (Sheet 31), in the Arden Limestone.
Carribber Glen (Sheet 31) in the Arden and Castlecary Limestone.
Blackball (south of Bents Station) (Sheet 31) in the Castlecarv Limestone.
Bowden Hill (Sheet 31) ,, „ "

„
Avon Viaduct, below Kinneil Mill (Sheet 31) „ „ ,,

Craigenbuck * (Sheet 31) „ „ „

The mine (day-level) near the Avon viaduct was mainly used in

providing limestone for the Kinneil iron furnaces.

Queensferry, Livingstone and East Calder.—The Burdiehouse
Limestone is now mined at Harburnhead, Newpark and East Calder,

and the rock produced is used for iron-smelting purposes, but in

the past it was extensively mined at Dundas Lime Works, Port
Edgar, also opencast on the shore east and west of Hopetoun House
and on the east side of the Forth Bridge. Inland it was quarried

and mined around Parkhead and North Newton. To the south-west

it was worked along a line of shallow pits between Dechmont and
Livingstone for local purposes. At Bellsquarry, two miles north-

east of West Calder, the larger portion of the rock of good quality

was removed from a small basin north of the Calder fault.

* This place is not named on the one-inch Sheet.

.

Hainings, and about two miles west of Bo'ness,

It is 300 yds. south-east of North
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Near West Torphin, Murieston Water, a freshwater limestone sup-

posed to lie below the Fells Shale has been quarried and burned,

and is now mined in a pit by Messrs. W. Baird & Co. Ltd., for use in

the Gartsherrie blast furnaces.

c. t. c, l. w. h., j. s. g. w., c. b. c, h. b. m., g. w. g.

Building-Stone.

Mid-Lothian Basin.—Among the sandstone quarries at present

being worked are the following : two in the Coal Measures near

Bonnyrigg, one in the Edge Coal group near East Houses, two in

the Lower Limestone group near Gilmerton. The quarry on the

south side of the road at Bonnyrigg is in the Broomieknowe
Sandstone, and the other on the north side of the road is in a yellow

sandstone, at least 60 ft. thick, which probably lies some distance

above the position of the Great Seam of Whitehill. The sandstone
in the old quarry on the east side of Gilmerton House lies immedi-
ately below a coal, which, in Bilston Burn, is situated 40 ft. below
the Vexhim Coal. The quarry face shows 29 ft. of sandstone, soft

and yellow or whitish, with numerous carbonaceous particles, which
is separated into four divisions by partings of shale and fireclay.

At the West Edge of Gilmerton a new quarry was recently opened
in the same sandstone, but it is now abandoned.

The thick yellow sandstone— the Joppa Sandstone— which
overlies Limestone No. 4 (Index) has formerly been extensively

quarried near Joppa railway station, and also in the wood near
Cowdenfoot, east of Dalkeith.

The Binny Sandstone was opened out some years ago by the

Clippens Oil Company, in a quarry on the east side of the Edin-

burgh and Penicuik road, almost opposite to this company's offices

at Straiton. The stone there is of excellent quality, but contains

a considerable quantity of crude oil which was found in time to

stain the surfaces of the dressed material, and the quarry has

consequently been closed.

A yellow freestone of good quality is worked for local building

purposes at Marfield Quarry, 3 miles south-west of Penicuik. The
sandstone, of which at least 40 ft. is seen in the quarry face, lies in

the Edge Coal series, between the Eumbolds Coal and the Great
Seam.

Bo'ness and Batligate.—Large freestone quarries are being worked
near Kinneil, in a bed about 70 ft. thick, a little above the Index
Limestone, which provided nearly all the material used in the recently

erected town hall of Bo'ness. The best stone or " liver rock " is in

the upper portion. At the east end of Bo'ness smaller quarries are

opened out from time to time in the somewhat inferior freestone

which forms the roof of the Eed Coal.

Large quarries, now no longer in operation, have been made in

the Calciferous Sandstone series at Kingscavil in a sandstone which
is nearly 50 ft. thick and unbroken by partings. The rock is

rather hard, the grains being partly cemented by calcareous and
dolomitic matter, which is perhaps the cause of its disuse. It is

durable, as shown by the old walls of Linlithgow Palace which are
known to have been built of it.
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At Cauldhame, another softer bed of sandstone is quarried, but

owing to the presence of microscopic particles of pyrites, which

decompose readily, the stone becomes iron-stained and disintegrates

rather rapidly. On account of its softness this stone has, however,

been much used locally for building purposes.

Edinburgh, Broxburn and West Colder.—Edinburgh is chiefly

built of grey freestone procured>from the Calciferous Sandstone series

in the neighbourhood, but many of the old quarries have now been

abandoned, partly in consequence of the increased cover of drift, and
partly owing to the introduction of cheaper building material from
a distance, which is softer and more easily dressed. Many of the

recently erected buildings, such as the Antiquarian Museum, and
the Caledonian Railway Station and Hotel, have been built of red

Triassic sandstone brought from Dumfriesshire. The pale grey or

buff freestone used in the Heriot Watt College and the new ll^orth

British Station Hotel was, it is stated, chiefly carried from Hexham,
Northumberland. Mr. George Craig * and Professor Hudson Beare +

mention various other localities, in Northumberland, Lanarkshire

and Fifeshire, which have furnished supplies for other buildings.

The Craigleith quarries appear to have been worked as early as

the commencement of the seventeenth century, and for a long series of

years the buildings of the New Town of Edinburgh, which still show
little or no signs of weathering, were almost entirely erected with

stone from these famous quarries. At present, however, comparatively

little is being done in these quarries. The Bank of Scotland (reared in

1806), Donaldson's Hospital, the Scott Monument, the National

Gallery and the Eegister House were all built of sandstone from the

Binny Quarry, Uphall, which has proved remarkably durable. The
Eoyal Scottish Museum and the Calton Prison were largely built of

Hermand stone. On the south side of the city many of the new
dwelling-houses are being built of sandstone, of a very faint pink
tint, procured from the Upper Old Eed Sandstone of Craigmillar.

The tabular list on next page, constructed from a more exhaustive

one prepared by Mr. George Craig,J shows at a glance the physical

properties, strength etc., of the more important Edinburgh building

stones which are procured from the area under description. Those
marked with an asterisk are not, it is believed, being worked at

present. All except the Craigmillar stone belong to the Calciferous

Sandstone series.

The terms, " density " and " specific gravity " at the head of two of

the columns in the above list, have exactly the same meaning, but they
have been used by different authorities, whose results differ slightly.

Professor Hudson Beare has also determined the coefficient of

elasticity for pressure of certain sandstones within the area described,

by measuring the compression undergone for a length of an inch and
a half under different loads,§ both in the natural condition of these

stones and on reapplication of the loads. His results are given in the
list on page 359. It is stated that this coefficient was calculated for

* " On Building Stones used in Edinburgh : their Geological Sources, Relative
Durability, and other Characteristics," Trans. Edin. Oeol. 8oc., 1892, vol. vi. p. 264.
Most of the subsequent particulars are also taken from Mr. Craig's paper.

t " Building Stones of Great Britain : their Crushing Strength and other Pro-
perties," Proc. Inst. Civil Engineers, 1892, vol. ovii. pt. i.

t Op. eit. p. 272. § Op. cit. pp. 24-26.
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both series of readings from the definition that the coefficient

_ stress

proportional strain'

Name of Stone
or Quarry.
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the County Council have a large quarry to supply material for the

roads. Near Eatho there are large quarries in the dolerite sill, from

which paving setts and road metal aie procured.

North Queensferry and Inverkeithing.—The sill of quartz dolerite

at North Queensferry and Inverkeithing is extensively quarried by
three companies, the Tilbury Contracting and Dredging Company,
Messrs. Alex. Brunton & Son, and the Carlingnose Granite Com-
pany, the total annual output of these three together amounting to

about 165,000 tons, the bulk of which goes to London and other

parts on the east coast of England. The Tilbury contracting and
Dredging Company, with an annual output of about 100,000 tons,

produce, among other things, a patented road material, called Tar-

lithic, and claim that, owing to the coarse grain of their rock, tar

permeates it more readily than other finer-grained material, and
therefore has a better "binding" effect. It is stated that three

specimens, in the form of 3-in. cubes, from the St. Margaret's

Quarry of this company, which have been tested by Messrs. David
Kirkcaldy & Son, 99 Southwark Street, London, showed a mean
crushing strength of 1077 tons per square foot.

The Battery and West Quarries of Messrs. Alex. Brunton &
Son, whose annual output for the last ten years averages 45,000 tons,

are said to have been worked for a hundred and fifty years, the stone,

prior to the more general employment of concrete, being in extensive

demand for dock and quay walls, breakwaters etc. The stone is still

used in a lesser degree for sea walls, in cases where a face of concrete

is unable to withstand destructive wave action. Other portions are

utilised for copings, ashlar and building stone, but the major part is

now in demand for road purposes, such as curbs, setts, channels and
macadam, while the smaller sizes of the machine-broken stone are

used for concrete.

In the Carlingnose Quarry, the top 40 ft. of rock is said to be

much harder than the lower portion, and is used for paving setts, while

the lower 40 ft. is chiefly made into kerbstones : all the small stone

unfit for the above purposes is broken by machinery for road metal.

A considerable part of the road metal used is brought from

quarries outside the area under description, some even as far away as

Tinto Hill. The following list of road metal quarries within the

area has been drawn up largely from information kindly supplied

by Mr. Eobb, County Surveyor for Mid-Lothian :

—

Quarry.
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From the first .three quarries and from thfe fifth, large quantities

of material are obtained. Besides the quarries in the above list, there

are a few others shown below, without any arrangement in order of

merit :—

Quany.
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In 1843 the Company introduced about 2,000,000 gallons per day

of additional water from the Bavelaw, Listonshiels and Black

Springs, which lie on the north side of the Pentlands. The manner
of providing compensation in this case differed from that at Glen-

corse, and the same principle was adopted on subsequent occasions

of a similar nature. Compensation reservoirs, calculated to contain

a volume of water equal to eight months' yield of the springs, were
constructed at Threipmuir and Harelaw, and having once been filled

were handed over to the representatives of the mill-owners ; all

responsibility regarding them except as to their maintenance ter-

minated as far as the Company were concerned ; and the mill-owners
have power to order the available water to be discharged in whatever
daily quantities they consider best.

Another Act was obtained in 1847, which gave powers to con-
struct four additional reservoirs and to increase the capacity of the
Grlencorse Keservoir by raising the water level 4 ft. The reservoirs

constructed under this Act were Loganlee on the south side of the
Pentlands and Clubbiedean, Torduff and Bonally on the north side

of the chain. Clubbiedean and Torduff Eeservoirs store the sur-

plus water of the springs in winter for use during the dry months
of summer.

In 1856 an Act was obtained authorising the introduction of the
Colzium Springs, also rising on the northern slopes of the Pentland
Hills towards the western extremity, and Harperrig Eeservoir was
constructed for the purpose of compensating the mill-owners on the

Water of Leith. This reservoir was also handed over for the

purposes of administration to the representatives of the mill-owners,

as in the case of Threipmuir and Harelaw Reservoirs.

On account of the deterioration in the quality of the water left

in the Water of Leith owing to the abstraction of the springs, the

Act provided for a supply of pure spring water to the extent

of about 400,000 gallons per day from the pipes of the Com-
pany to the various paper-makers and bleachers on the Water
of Leith.

A still further supply was obtained from the Orosswood Springs,

an Act for which was passed in 1863, and a reservoir was as usual

constructed on the Orosswood Burn to compensate the mill-owners.

The supply from the Pentland Works is so far peculiar as it consists

almost entirely of spring water and does not require filtration. In

dry years the supply from the Pentland Hills amounts to about

7,000,000 gallons per day.

In 1869 an Act was passed for taking over the works of the

Water Company and investing them in a public Trust, consisting

of representatives of Edinburgh, Leith and Portobello.

An application was immediately made to Parliament for

power to introduce the water of St. Mary's Loch, but the Bill after

passing the House of Commons was rejected by the House of

Lords.

A year or two later the Trustees decided to adopt the Moorfoot
or South Esk scheme, and the necessary Acts for this purpose were
obtained in due course. The Moorfoot scheme consists of the

utilisation of a drainage area amounting in all to about 14,500
acres. Three reservoirs were constructed, namely : (1) Gladhouse

;
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(2) Edgelaw ; (3) Eosebeiy. The supply to Edinburgh and District was

drawn from Gladhouse Reservoir, the Edgelaw and Rosebery Reser-

voirs being used entirely for compensation purposes to the South

Esk. A certain quantity was also obtained for Edinburgh from

Portmore Loch, which was adapted for reservoir purposes by the

construction of an embankment and outlet works. The water from

Moorfoot is conducted to a service reservoir which was constructed

at Alnwickhill near Liberton, and the water after being filtered

there is distributed to the district.

The Moorfoot Works are capable of supplying Edinburgh with a

daily quantity of 8,500,000 gallons in dry years.

About 1888, and for some years thereafter, the Trustees had under

consideration the question of an additional supply of water, and

decided in 1894 to adopt the Talk scheme. They obtained an Act

in 1895 to introduce a supply from the Talk "Water (one of the

tributaries of the river Tweed near its source in Peeblesshire), and

the Act authorising the works was passed the following year and

the water was introduced in 1905.

In dry years the Talk Works as at present are capable of yielding

practically 10,000,000 gallons per day for town consumption, and as

the greater part of the aqueduct has been constructed sufficiently

large to carry three times this quantity an increased supply may be

obtained from adjoining tributaries of the Tweed at comparatively

moderate cost.

The Pentknd, Moorfoot and Talla Works are together capable of

yielding at present 25| million gallons per day, or sufficient to afford

40 gallons per head to a population of over 600,000. The popula-

tion at present being supplied is 477,000, including, besides Edin-

burgh, Leith and Portobello, various small villages and burghs,

such as Musselburgh, Dalkeith, Loanhead, Gilmerton, Liberton,

Corstorphine, Colinton, Juniper Green, Currie and a few other

places.*

The Upper Old Red Sandstone, as developed in the southern

parts of the city and its southern suburbs, is the chief source of the

permanently hard water which has proved so valuable for brewing
purposes.

The strata crop out in a general way round the anticline of the

Blackford Hill and dip to the north, north-west and north-east.

They conduct the water beneath the overlying impervious rocks of

the Cementstone group, which, together with the Calton and Colinton

faults, act as dams impounding it beneath the greater part of the

old town. The suburban railway has facilitated the transfer of

certain of the town breweries to Duddingston, where the Craigmillar

sandstones at the top of the Upper Old Red Sandstone furnish a

copious supply. B. N. p.

The village of Lasswade obtains a supply of water from iluvio-

glacial gravels on the north-west side of the Esk, a little below
Melville Castle. Dalkeith is partially supplied by the Edinburgh
and District Water Trust, and obtains an additional quantity from
three bore-holes near Lugton Bridge, and from fiuvio-glacial gravels

near Elginhaugh and Viewfield. The wells in the last-mentioned

* We are indebted to Mr. R. Carstairs Reid, C.E., for this account of the water
supply of Edinburgh and District,
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locality are said to be 150 years old. Part of the village of Polton

is provided with vs^ater procured from similar glacial gravels, vehich

mantle both sides of the North Esk Valley in considerable thickness

in that locality.

On a drift-covered area about two miles south-east of Eosewell

a reservoir of considerable size has lately been made to collect

water for the use of Eoslin Asylum. A small natural stream flows

into the reservoir and is impounded, but the overflow passes into a

larger adjoining stream which was formerly fed directly by the small

tributary.

Mining operations have often a deleterious influence on the

springs and wells in their neighbourhood, as is well known. The
pits near the centre of the Mid-Lothian Coal Basin, such as those of

Eskbank and Olive Bank, collect, as might be expected, a special

abundance of water, the pumping of which adds greatly to the

working expenses. About 2600 gallons of water per minute was lately

pumped from Olive Bank pit, and, during a recent visit, a feeder from
one little crevice in the sandstone roof of an underground road was
discharging 50 or 60 gallons per minute. This shaft top is slightly

above the sea-level, and the depth is rather more than 600 ft., but

all the water which comes into the lower part of the pit is fresh,

while in the upper parts the water is rather salt.

In shallow pits it is found prudent to attend carefully to the

surface drainage of the surrounding district, so that the rainfall may
be carried off as quickly as possible, instead of finding its way down-
wards. A considerable part of the old bed of the Bilston Burn
where it crosses the Edge Coal series has been covered with concrete,

to prevent the water soaking down into the workings at a lower

level.

Some of the water met with in the pits might be used in the

surrounding districts. For steam and other purposes it would

probably be suitable enough, but special precautions would be necessary

loefore any could be used for domestic purposes, for much of the

water encountered in mines, and also in coal-bearing strata elsewhere,

is so charged with iron salts or with sulphates, etc., formed through

the oxidation of iron pyrites, that it is unsuitable for domestic use.

And for a similar reason, if bore-holes in search of drinking water

were bored through rocks containing coal seams it would be necessary

to tube portions of the holes so as to keep out deleterious affluents.

In some feeders of water from the Coronation Seam, Newbattle

Colliery, Newton Grange, the total sulphates amount to 130 grs. per

gallon, in terms of sulphuric acid, nearly a third of which is combined

with the iron in the water in the form of sulphate of iron, leaving

91-36 grs. of free sulphuric acid.*

It is probable that a supply of good water could be got by boring

into the Eoslin Sandstone series (Millstone Grit) in certain places

near the centre of the Mid-Lothian Coal-field, for it is almost barren

of coal seams, and in the New Mills day-level, east of Dalkeith, good

feeders of water are met in the sandstones belonging to the series.

* sir. M. Mackay, the manager of the colliery, states that this water rapidly corrodes

the iron pipes in the workings exposed to its action, leaving behind a residue which
consists to a large extent of some substance resembling graphite. The difficulty is

overcome by diluting the Coronation water with other water derived from the Splint
and Parrot workings.
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Mining engineers have some dread of extending their workings to

the Millstone Grit on account of its water-bearing capacity.

The Joppa Sandstone—the thick sandstone which is so often

found above the Index (No. 4) Limestone—would also probably yield

an abundant supply in many positions. In sinking the Lady Victoria

shaft, Newbattle, this sandstone was found to be 14 fms. thick ; the

journal records that it yielded about 200 gallons of water a minute,

and it is understood that a somewhat similar yield is still forthcoming.

St. Catherine's Balm Well, about three-quarters of a mile south of

Liberton Church, yields some crude petroleum oil which floats on top

of the water. It has been resorted to for centuries owing to its sup-

posed curative properties and is still occasionally visited.* It appears

to lie a very little south-east of the Pentland fault, and on the outcrop

of the Oil-shale group, so that the presence of crude oil is not

surprising. Mr. Martin, the manager of Mddrie Colliery, states that,

some years ago, a runner of water containing a considerable proportion

of crjide oil was met with in making a deep drain nearly half a mile

south-west of Mddrie House. The locality is only a little south-east

of the supposed position of the Pentland fault, and probably on or near
the crop of beds belonging to the Oil-shale group. It is well known
that faults usually act as water barriers, the crushed shale often

found along them being of a close impervious nature, so that the

underground feeders which reach it from either side are intercepted

and have to pass along the fault face, either laterally or upwards.
Springs or stripes of wet ground are for this reason very often found
along the course of faults in areas where the ground is almost free

from drift. c. t. c.

St. Bernard's Well, near the Water of Leith, Stockbridge,

Edinburgh, is also said to yield occasionally a very little crude
petroleum. It is situated on the outcrop of the Wardie Shales, some
of which are oil-producers (see p. 352), and it might, presumably,
derive some crude oil from these beds. No trace of oil could, how-
ever, be observed in the water supplied for drinking purposes at a
recent visit, nor is any mentioned in the analyses exhibited at the
Pump Koom. In general character the water is sulphurous, and
allied in a character to some of the highly esteemed waters of

Harrogate, Strathpeffer etc.

From a recent analysis executed by Dr. Falconer King f we learn
that one gallon contains

—

Total solid residue .

.
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It is also supposed that the lime, magnesia, sulphuric anhydride,

alkalies as soda, and chlorine possibly exist in the following form :

—

CaCoj
MgCo3
CaSOl
MgSo4
NaCl
NaCos

26-14

2-02

0-95

15-84

6-43

1-95

C. T C.

Western District.—The water supply of Eo'ness is piped from
Lochcote Eeservoir (2 miles S.S.W. of Linlithgow, Sheet 31), which
gathers the springs and surface water draining from a portion of

the hills lying to the west of it. Near the top of the hill on which
the monument stands, about a mile and a half south of Eo'ness, Mr.
Cadell has lately procured a limited supply of water by boring on
the outcrop of the Wester Main Coal. The bore is a shallow one, only

going down 21 ft. into the dolerite lying a little below the coal, and
most of the water issues from the dolerite. The site of the bore is

only about 25 ft. below the hilltop, and the adjoining strata show
a considerable dip to the north-west, of perhaps 15° or 20°, but the

dolerite makes a considerable outcrop on the slightly higher ground
east of the bore, and the amount of rainfall on this crop is perhaps

sufficient to account for the supply. An old well on lower ground,

about 300 yds. south of the monument, is situated near the base of

a thin band of sedimentary strata which intervenes between two
other sheets of dolerite.

The town of Linlithgow is supplied with water from springs, and
from a reservoir on the north side of Cocklerue. Shallow wells in the

glacial sands on which the town stands yield supplies of water suitable

for many purposes. The solid rocks, too, have been bored for water,

but the supply thus obtained has been in some cases small, and of

poor quality, presumably in consequence of the presence of igneous

rocks.

A bore at the Mains Distillery (Sheet 31) found saline water

which contained 140 grs. of sodium chloride per gallon.*

The Bathgate water supply is derived from borings, and the water

is stored in the disused Petershill limestone quarry (Sheet 31), which

has been converted into a reservoir. An increased supply might

perhaps be obtained by deepening one of these bores so as to tap the

"West Kirkton Limestone—which might be expected between 300 and

400 ft. below the bottom of the Petershill Limestone.

C. T. C, E. B. B., G. W. G.

A considerable number of localities in the western portion of the

area described are supplied with water obtained from Forrest Burn,

near Forrestfield Station, eight miles west from Bathgate. Among
these are Blackburn, Deans, Seafield, Breich, North Pumpherston,

Broxburn and Uphall. The two last-mentioned towns have also

an additional, older supply from Binny Eeservoir, which is fed

by the Binny Burn; the water is passed through filters above

Uphall.

South Pumpherston and Mid Calder obtain water from springs on

* Explanation of Sheet 31, Mem. Oeol. 8ur., p. 21 ; also Proc. Roy. Soc. Edin.,

vol. ix. p. 367.
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Corston Hill, on Lord Morton's property on the south side of Linhouse
Water, three-quarters of a mile below Linhouse. The issue from the

springs amounts to about 65,000 gallons per day, and, after being

gathered into two concrete tanks, is conveyed away by a 3-in.

pipe. The following is given as the analysis of the water :

—

Total solids (grs. per gallon)

Chlorine (grs. per gallon) .

.

Hardness (degree) .

.

Free ammonia (parts per millidn) .

.

Albuminoid ammonia (parts per million)

12-20

8-80

8 '80
0-016

0-008

Philpstoun and South Queensferry also obtain water from the west
side of Corston Hill, but outside the area assigned to Morton "Water

Works above Morton, which were originally formed for the Kirkliston

and Dalmeny districts, including South Queensferry. About 66,000

gallons per day are thus obtained for the South Queensferry district.

An older supply to the last-mentioned town comes from two large

reservoirs fed by the Ferry Burn, between Queensferry and Dalmeny,
and from springs on the estate of Dundas, but this was found to be

inadequate when the Forth Bridge began to be built and the training

ship and guard ships of the Forth were anchored off the town.
Addiewell draws its supply from Cobbinshaw Keservoir, which

was constructed as a compensation reservoir to yield water to the
river Almond in lieu of that abstracted at Mid Calder for the use of

the Glasgow and Edinburgh Canal.

Eatho, Kirknewton and Winchburgh districts obtain water partly
from Selms Muir and partly from Ormiston.

Balerno is supplied with water from springs on Mansefield, a mile
south of the village. j. s. a. w.
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PART 1. PAL^ONTOLOGICAL.

The greater number of the fossils given in the following lists were gathered

by the late Mr. J. Bennie, with some recent additions by Messrs. D. Tait

and A. Macconochie. Many of the determinations are taken from lists in

the published papers of Dr. E. H. Traquair, Dr. K. Kidston, and other

authors, whose names are indicated by special signs (see p. 384).

The Survey specimens obtained in earlier years were named by Mr.
R. Etheridge, jun., with the assistance of Messrs. H. B. Brady, T. Rupert
Jones and J. W. Kirkby, who determined the Foraminifera and the

Entomostraca. Most of the species quoted in the lists, however, were
determined or re-named in the light of recent researches by the following

specialists. Dr. K. H. Traquair has determined the Fishes ; Dr. B. N.
Peach, the higher Crustacea ; Dr. E. Kidston, the Plants ; and Dr. Wheelton
Hind, the Lamellibranchs. Some of the Cephalopods have been examined
by Dr. A. H. Foord. The determinations of the Brachiopods have been
revised by Dr. C. B. Crampton and Dr. G. W. Lee, and the nomenclature

of the Bryozoa and Gasteropods by Dr. Lee.

As the nomenclature of the Corals is now undergoing extensive revision,

and as many specimens noted in the last edition of this memoir are not

now accessible, it is not yet possible to furnish a representative list of these

fossils ; hence they have been omitted.

The lists have been prepared by Mr. D. Tait.

G. W. LEE.

NOTES ON THE DISTEIBUTION OF LIFE IN THE LOWEE
CAEBONIFEROUS EOCKS (SHEET 32).

The Calciferous Sandstone series is sharply distinguished from the
overlying Carboniferous Limestone by its Flora. This difference, pointed

out by Dr. E. Kidston,- F.E.S,* is well illustrated in the accompanying
fossil-lists. Whether that distinction can be extended to the fauna of the

two series is more open to question ; a brief discussion on this point may
here be attempted. The problem, so far as fish-life is concerned, has
been recently investigated by Dr. E. H. Traquair, F.E.S.f He shows
that the commonest species appearing in the Wardie Shales pass ixp

into the Upper Limestone group, and that although some species

are restricted to an horizon comprising the Borough Lee Ironstone and the

South Parrot Coal Shale, the best course is to look upon the Lower

* Proc. Boy. Phys. Soc. Mini., 1893, vol. xii. p. 219.

t "On the Distribution of Fossil-Fish Remains in the Carboniferous Rocks of the
Edinburgh District," Trans. Hoy. Soc. Edin., 1903, vol. xl. p. 687.
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Carboniferous rooks of the Central Valley of Scotland as forming one great

life-zone so far as fishes are concerned, since the Borough Lee fish fauna is

closely linked with that of the Dunnet Shale, and the latter again with

those of the Burdiehouse Limestone and Wardie Shales.*

With regard to the Invertebrates, Dr. Vaughan's zonal system, which

has given valuable results in England, is not applicable here in its

entirety. The greater portion of the strata forming the Calciferous Sand-

stone series was evidently deposited under shallow water, and often

estuarine conditions. Except at the top of the series representatives of a

normal marine fauna of moderate depth are scarce and practically in-

sufficient to secure a correct correlation with the zones established in

England by means of Corals and hinged Brachiopods. An assemblage

found in a calcareous zone in the Esk section, 50 yds. from the right bank
of the river Esk and 150 yds. X. of Eogersrig Farm, | mile N. E. of Carlops,

is of great interest. The exact stratigraphical horizon of the beds cannot

be fixed, although it must be low down in the series.

From this zone Messrs. Macconochie and M'Vey obtained a suite of

fossils indicative of normal marine conditions, as testified by the presence

of hinged Brachiopods, Bryozoa and Crinoid stems. Lamellibranchs,

Gasteropods and Gephalopods are also represented, the former in great

abundance.

The Brachiopods include Produdus, Ehynchonellids and Athyrids. A
large number of specimens of Produdus were obtained ; they all belong to

the same species, and appear to be indistinguishable from Produdus
hurlingtonensis Hall [Vaughan]. Owing to the mode of preservation the

internal characters of the other Brachiopods could not be ascertained, but

so far as external features can be trusted, the Ehynchonellids include a

form allied to Canyxrotoediia mitcheldeanensis Vaughan, but apparently

not identical with it. At first sight the apparently archaic character of the

principal fossils suggested a Tournaisian age for the bed, but closer inspec-

tion having revealed the presence of a junciform Lithostrotion, together with

the Brachiopods, there is thus conflicting evidence as regards the horizon.

Since, however, Lithostrotion is a widely distributed genus not known
from below the Visean, the best course is to place this bed in the Visean

and to consider the Produdus as a hardly modified descendant of Pr.

hurlingtonensis. It may also be that the Produdus is but a homoeomorph

of Pr. hurlingtonensis, but this point cannot be settled without the examina-

tion of specimens exhibiting characteristic internal features.

The marine beds of Glubbiedean Keservoir, Craiglockhart Quarry,

Woodhall, Drumsheugh, etc., have yielded a fauna consisting mainly of

Lamellibranchs, Gasteropods and Cephalopods. The Lamellibranchs belong

to those forms which Dr. Hind considers characteristic of the Calciferous

Sandstone series, but they cannot, at present, be used for defining narrow

zones. The Gasteropods and Cephalopods are not characteristic enough at

these localities to be of service in zoning.

As already stated, by far the greater portion of the Calciferous

Sandstone series in Mid-Lothian does not contain a fauna permitting of

zonal correlations with England. But in the Carboniferous Limestone

series the rich assemblage of Invertebrates obtained from the Lower
Limestones is the same as that characterising the D^ zone of England. A
glance at the fossil-lists will show that the Upper Limestones are not

distinguished from the Lower Limestones by the presence of species

peculiar to themselves, but rather by the absence of many of those

species widespread in the Lower Limestones. It is hardly possible to

establish a zone on this negative evidence, especially since there is nothing

to show why the unrepresented forms have disappeared. It is, however,

possible that by adopting more sharply defined specific appellations, many
* Loc. cit. p. 701.
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of the species tabulated in the present lists might be restricted to narrower
limits.

In the strata immediately succeeding the topmost limestone, that is to

say, at the base (jf the Millstone Grit, a highly individual facies is exhibited

by the invertebrate fauna. The interesting character of the Lamellibrauch
fauna was pointed out a few years ago by Dr. Wheelton Hind, * and the
results of his examination of materials from various parts of Scotland are

embodied in a recent memoir, f

Dr. Hind has detected a point of great importance that quite

50 per cent, of the Lamellibranchs are species originally described from
the Coal Measures of Nebraska and Illinois in North America. He
has also remarked that the Gasteropods show a strong relation to this

North American fauna, and that the Brachiopod fauna indicates a late

period of Carboniferous time. Further study based on materials collected

since Dr. Hind's memoir was written enables us to make a more decided

statement as regards the Brachiopods. In Sheet 32 a bed situated

27 to 30 ft. above the Castlecary Limestone, in the Bilston Burn section

(locality 110a of fossil-list), besides yielding representatives of Lamelli-

branchs and Gasteropods of American facies, contains the following forms
of Brachiopods. The Ehynohonellids are represented by two species, one
of which is closely allied to Pugnax pugnus (Martin), while the other

seems to be new to Britain; the Athyrids are represented by Seminula
mbtilita (Hall), or a form nearly allied to it ; of the Orthotetids, Derhya ?

Icelli (M'Coy) is possibly present, and the species of Produetus are

referable to P. margaritaeeus Philhps, and to a distinct mutation of

P. semireticulatus (Martin). In other districts beds situated on the

same horizon have likewise yielded an interesting fauna. From the
fossils collected at Garngad Eoad, Glasgow, by Mr. J. Neilson, Davidson
figured Produetus carhonarius de Koninck, and under the name Streptor-

hynchus crenistria var. cylindrica M'Coy he figured a shell allied to

Meekella {Orthotetina). To these may be added a coarse-ribbed mutation
of Produetus muricatus Phillips, and a form bearing a strong resemblance
to P. cora d'Orb. [the American and Russian form].

Produetus eora, P. earhonarius and the genus Meekella seem every-

where restricted to the Upper Carboniferous. Except Pugnax pugnus
the other Brachiopods are new to Scotland, and as already mentioned
Dr. Hind finds that 50 per cent, of the Lamellibranchs are American
Coal-Measures species. The occurrence of so many foreign species

through migration seems unlikely since in America and Eussia
they occur at an horizon which is apparently higher in the sequence.
Moreover, a number of them are likely to have already existed in
Carboniferous Limestone time. A Meekella (firtlwtetina) occurs in the
Upper Limestone group of Ayrshire, and recently (March 1909) Dr. Hind
recognised the presence of Prothyris elegans Meek and Protoschizodus
curtus (M. & W.) in the cores of a bore put down near Stirling. The
position of the bed from which these fossils have been obtained is

probably not higher up than the Index Limestone position. It is

interesting to note that in this Stirling bore the bed that yielded these

species is a black shale not unlike the shale which, at the base of the
Millstone Grit, contains Prothyris elegans at nearly all the localities where
it was found. It seems highly probable that many of these American
species were dependent for their development on definite physical
conditions, which occurred only at a few localities during Upper Limestone
time, but were more prevalent at the base of the Millstone Grit. On the

* "Summary of Progress," Mem. Geo!. Sur. for 1905, p. 14:7.

t Wheelton Hind: "On the Lamellibranch and Gasteropod Fauna found in the
Millstone Grit of Scotland," Trans. Eoy. Soc. Edin., 1908, vol. xlvi. p. 331,
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other hand, it is significant that similar black shales form a conspicuous

feature of the Lower Limestone group, especially about the position of the

top " Hosie " limestone, yet they have so far not yielded any representatives

of this fauna of American facies. In the event of the latter being found
at a number of localities in the Upper Limestones, then their occurrence,

coupled -svitli the absence of many of the forms common in the Lower
Limestones, could perhaps be used in Central Scotland to define a zone
comprising the Upper Limestones. G. w. lee.
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A. LIST OF LOCALITIES FOR CARBONIFEROUS FOSSILS IN
SHEET 32, THE EAST PART OF SHEET 31, AND THE
NORTHERN MARGIN OF SHEET 24.

1. Charlestown Limestone Quarries, 4 miles W. of Inverkeithing. Lower
Limestones,

la. Charlestown Shore between •tide-marks, 170 yds. S.W. of Charlestown

railway station and 330 yds. E. of Charlestown Harbour. Shale

between the four-foot limestone and the coal below. Lower
Limestones.

2. Rosyth Shore, near high-water mark in the first bay E. of the ruins of

Rosyth Church [ = from 200-500 yds. E. of it]. Calciferous

Sandstone.

2a. Rosyth Shore, Naiadites Limestone, between tide-marks, \ mile S. of

Rosyth Farm and \ mile W.N.W. of Rosyth Castle. Calciferous

Sandstone.

3. Rosyth Shore, at high-water mark, on seaward side of wall at old

limestone quarry in field \ mile W. of Rosyth Farm, on north side

of fault. Shale between the four-foot crinoidal limestone and
the coal which underlies it. Lower Limestones.

3a. Inverkeithing, 1J miles N.E. of, and | mile N.W. of Donibristle, west

side of railway cutting, at the bend, calcareous shale and
nodules 10 ft. above an oil-shale [Cephalopod Bed]. Calciferous

Sandstone.

4. Port Haven, \ mile S.W. of Aberdour. Calciferous Sandstone.

5. Inchkeith, Island of. Firth of Forth. Calciferous Sandstone.

6. Bo'ness Station, ^ mile S.E. of, Chance Pit [No. 21 Kinneil]. Roof
of Smithy Coal. Edge Coals. Sheet 31.

7. Bo'ness Station, J mile S. of. No. 18 Pit Kinneil. Roof of Smithy
Coal. Edge Coals. Sheet 31.

7a. Bo'ness Station, nearly 1^ miles S.E. of, No. 6 Pit Kinneil. Above
Red Coal. Edge Coals.

8. Bo'ness, at Grange. Roof of East Main Coal. Edge Coals.

8a. Bo'ness, bmg of No. 9 Pit, about 1000 ft. N. of Bonhard House. Shale

above Lower Ironstone and Parrot Coal. Edge Coals.

9. Bo'ness, 2 miles S.E. of, Cowsie Mine. Lower Ironstone of Bo'ness.

Edge Coals.

10. Bo'ness, 2 miles S.E. of, Duncan Shale Pit, shale immediately above

ironstone of coal-field. Edge Coals.

11. Cauldhame Old Quarry, 1| miles S.E. of Linlithgow. Lower Lime-
stones.

13. Hillhouse Quarries, IJ miles S. of Linlithgow. Lower Limestones.

14. Whitebaulks Quarry, IJ miles S.S.E. of Linlithgow. Lower Lime-
stones.

15. Tartraven Old Quarry, 4 miles S. of Linlithgow. Lower Limestones.

16. Baadsmill, limestone exposed on left bank of Harwood Burn S. of

Addiewell and \\ miles N.W. of Cobbinshaw Reservoir. Lower
Limestones.

17. Cobbinshaw Reservoir, limestone pit at its S.W. end. Lower
Limestones.

17a. City of Edinburgh, pipe track in Fountainbridge. Calciferous

Sandstone.

18. City of Edinburgh, excavation for foundation of Scotsman News-
paper Office, North Bridge Street. Calciferous Sandstone.

18a. City of Edinburgh, drain cutting, High Street, near Tron Church.

Calciferous Sandstone.
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19. Holyrood Palace, drain cutting in Holyrood Park, near S.E. corner

of palace wall. Calciferous Sandstone.

20. Camstone Quarry, Salisbury Crags. Calciferous Sandstone.

20a. Limestone on track between St. Anthony's Well and St. Anthony's

Chapel. Calciferous Sandstone.

21. St. Anthony's Chapel, tuff in cliff below—Holyrood Park. Calcifer-

ous Sandstone.

22. Lochend Loch, E. margin, 1^ miles N.E. of Register House,

Edinburgh. Calciferous Sandstone.

23. Drumsheugh, Water of Leith, City of Edinburgh. Calciferous

Sandstone.

24. Dean Bridge, Water of Leith, City of Edinburgh. Calciferous

Sandstone.

25. Craiglockhart Hill Quarry, north side of Colinton Eoad. Calcifer-

ous Sandstone.

26. Suburban Railway Cutting, north side of Canal, south-west side of

Edinburgh. Calciferous Sandstone.

27. Craigleith Quarry, west side of the City of Edinburgh, from the

shales overlying the sandstone. Calciferous Sandstone.

28. Craigleith Quarry, from the sandstone. Calciferous Sandstone.

29. Barnton Old Pavement Quarry, under whin sill, north side of

Corstorphine Hill. Calciferous Sandstone.

30. Wardie Shore, between Trinity and east side of Granton Harbour.

Calciferous Sandstone.

31. Granton Harbour, shore between western breakwater and pier. Cal-

ciferous Sandstone.

32. Granton, shore W. of the harbour, below battery, Calciferous

Sandstone.

33. Granton, sea quarry, south side. Calciferous Sandstone.

34. Granton, shore W. of quarry, under Muirhouse. Calciferous

Sandstone.

35. Granton, shore W. of harbour, at telegraph cable. Calciferous

Sandstone.

36. Gramond Shore, W. of mouth of river Almond, and W. of Eagle

Rock. Calciferous Sandstone.

37. Almond River, J mile W. of Cramond Bridge, close to under side of

whin sill. Calciferous Sandstone.

38. Dalmeny Shore, between Longcraigs Pier and Forth Bridge. Cal-

ciferous Sandstone.

39. Dalmeny Railway Cutting, N. of Wester Dalmeny Farmhouse.

Calciferous Sandstone.

41. Hopetoun Shore, E. of Society, and 2 miles W. of Forth Bridge.

Calciferous Sandstone.

42. Hopetoun Shore, N. of Abercorn, in little bay E. of point. Cal-

ciferous Sandstone.

43. Midhope Burn, 100 yds. below sawmill, near Abercorn, 4 miles W.
of Forth Bridge. Calciferous Sandstone.

44. Hailes Quarry, near Kingsknowe Railway Station, 4 miles S.W. of

Edinburgh, Calciferous Sandstone.

45. Redhall Quarry, near Kingsknowe Railway Station. Calciferous

Sandstone.

46. Water of Leith, right bank near Slateford, under aqueduct. Calciferous

Sandstone.

47. Water of Leith, right bank near Slateford, S. of Canal Bridge.

Calciferous Sandstone.

48. Water of Leith, opposite Boag's Mill, under Redhall House, 3J miles

S.W. of Edinburgh. Calciferous Sandstone.
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49. Water of Leith, left bank, midway between Boag's Mill and Kates

Mill, under Eedhall Quarry. Calciferous Sandstone.

50. Water of Leith, railway cutting on left bank, midway between

Boag's Mill andjjKates Mill, 4 miles S.W. of Edinburgh. Cal-

ciferous Sandstone.

51. Water of Leith, railway cutting, opposite Kates Mill, midway
between Slateford and Colinton. Calciferous Sandstone.

52. Water of Leith, stream course, opposite Kates Mill. Calciferbus

Sandstone.

53. Water of Leith, stream course, a little above Kates Mill. Calciferous

Sandstone.

54. Water of Leith, railway cutting, opposite Eedhall Mill, about 4 miles

S.W. of Edinburgh. Calciferous Sandstone.

55. Water of Leith, stream course, at Eedhall Mill and a few yards above

it. Calciferous Sandstone.

56. Water of Leith, beneath dam of Eedhall Mill. Calciferous Sand-

stone.

57. Colinton, railway tunnel at, 4 miles S.W. of Edinburgh. Calciferous

Sandstone.

58. Water of Leith, immediately above Colinton. Calciferous Sandstone.

59. Water of Leith, left bank, above Spylaw House. [SeMzodus Lime-

stone.] Calciferous Sandstone.

60. Water of Leith, beneath dam, above West jMill, Colinton. Calciferous

Sandstone.

6L Woodhall, Water of Leith, right bank at ford below weir, near

Juniper Green, 5 miles S.W. of Edinburgh. Calciferous

Sandstone.

62. Juniper Green, Water of Leith. Calciferous Sandstone.

63. Clubbiedean Eeservoir, south side, IJ miles E.S.E. of Currie and
about 6 miles S.W. of Edinburgh. Calciferous Sandstone.

64., Raw Camps Limestone Quarry, E. of Mid-Calder, 10 miles S.W. of

Edinburgh. Calciferous Sandstone.

65. River Almond opposite Illieston, 2^ miles N.E. of Mid-Calder.

Calciferous Sandstone.

66. River Almond opposite Clappertonhall, IJ miles N.E. of Mid-Calder.

Calciferous Sandstone.

67. Mid-Calder, sandstone quarry on left bank of Linhouse Water,

opposite Oakbank Oil Works. Calciferous Sandstone.

67a. Mid-Calder, sandstone quarry on right bank of Linhouse Water,
below Oakbank Oil Works. Calciferous Sandstone.

68. Mid-Calder, left bank of Linhouse Water, above Carstairs Railway
Bridge. Calciferous Sandstone.

69. Mid-Calder, Linhouse Water, above and below felstone dyke,
between Calder Hall and Calder Wood. Calciferous Sandstone.

70. Mid-Calder, from tunnel between Calder Hall and Calder Wood. Cal-

ciferous Sandstone.

7L Murieston Old Limestone Quarry, 2^ miles S.W. of Mid Calder.

Calciferous Sandstone.

72. Murieston Water, ^ mile S. of Skivo, above felstone, | mile S.S.E.

of Newpark Railway Station. Calciferous Sandstone.

73. Murieston Water, near Harburn, left bank 140 yds. up from road
bridge, and down stream from Coalheugh. Calciferous Sandstone.

74. West Calder, near the Chemical Works. Calciferous Sandstone.

75. West Calder, Harwood Burn, above Hermand Oil Works.
76. West Calder, at Hermand Oil Works. Calciferous Sandstone.
77. West Calder, 1| miles KE. of, Harwood Burn under bridge to

Limefield House and opposite old mill. Calciferous Sandstone.
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78. West Calder, Harwood Burn, left bank below double bridge under

Limefield House. Calciferous Sandstone.

79. "West Calder, Harwood Burn, right bank, 300 yds. below [under Lime-
field House] double bridge. Calciferous Sandstone.

80. Pumpherston Oil-Shale Works, between Broxburn and Mid Calder.

No. 1 or Koman Camp Pit at north end of outcrop of Punipherston
Shale. Calciferous Sandstone.

81. Broxburn, Kirkhill, shale at old pit. Calciferous Sandstone.

82. Blackburn, E. of, and 2 miles N.W. of West Calder. Seafield or

Houston Coal. Calciferous Sandstone.

83. Mddry Bum, 200 yds. above Ecclesmachan. Calciferous Sand-
stone.

84. Deans, No. 2 Pit [Dunnet Shale], | mile W. of Livingston Eailway
Station, and 3 miles E. of Bathgate. Calciferous Sandstone.

85. Deans, No. 1 Pit, | mile W. of Livingston Railway Station, and
3 miles E. of Bathgate. Calciferous Sandstone.

86. Ladysmith Oil-Shale Pit bing, f mile W. of Livingston Eailway
Station, and 3 miles E. of Bathgate. Calciferous Sandstone.

86a. Livingston village, stream I mile S.W. of, at Charlesfield. Calcifer-

ous Sandstone.

87. Straiten Oil Works, near Burdiehouse, 4^ miles S.S.E. of Edinburgh.
Calciferous Sandstone.

89. Burdiehouse Limestone Quarry, 4J miles S.S.E. of Edinburgh.
Calciferous Sandstone.

90. Niddrie, 3 miles E. of Edinburgh. Bing of Nos. 10 and 11 Pits.

Edge Coals.

91. Niddrie, near, in north bank of the more northerly of the two railway

cuttings, about J mile W. of New Craighall, and 6 yds. E. of

the locomotive water hydrant. Limestone between Nos. 5 and
6 Limestones. Upper Limestones.

91a. Niddrie, near, as above, coal half-way between Nos. 5 and 6 Lipie-

stones. Upper Limestones.

916. Niddrie, near, as above, 60 ft. above No. 6 Limestone. Lower third

of Millstone Grit.

92. Niddrie, near, blackband ironstone and shale near horizon of North
Coal. Edge Coals.

93. Niddrie, near, pit working South Parrot Coal [between Nos. 4 and
5 Limestones], shale on top of South Parrot Coal. Upper
Limestones.

94. Niddrie, near, shale associated with the Four-Foot Goal. Lower
Coal Measures.

95. Niddrie, near, Klondyke or New Craighall Pit. GarbonirMa bed
above the Fifteen-Foot Coal. Lower Coal Measures.

96. Victoria Old Coal Pit, 590 yds. S.W. of Stonybank, 1 mile S.W. of

Musselburgh. Lower Coal Measures.

97. Loanhead, 5 miles S. of Edinburgh. Loanhead Ironstone

No. 1. Middle of Edge Coals.

98. Loanhead. Boroughlee Ironstone, or Loanhead Ironstone No. 2.

Near top of Edge Coals.

99. Gilmerton Limestone Quarry, 4 miles S.E. of Edinburgh. Lower
Limestones.

100. Gilmerton, Ferniehill Old Limestone Quarry. Lower Limestones.
101. Gilmerton, Venturefair Pit, Gilmerton Ironstone, between Nos. 1

and 2 Limestones. Lower Limestones.
102. Gilmerton, railway cutting, ^ mile S.E. of village and 58 yds.

N.E. of road bridge. Extra Limestone between Nos. 4 and 5
Limestones. Upper Limestones.
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103. Woolmet, new pit sinking, 1^ miles S.E. of Niddrie House and 1|
miles N.E. of Gilmerton. Lower Coal Measures.

104. Bilston Burn, 1 mile S.W. of Loanhead, at Dryden, shale below

Gilmerton Limestone. Lower Limestones.

105. Bilston Burn, 1 mile S.W. of Loanhead, at Dryden, shale below
North Greens Limestone. Lower Limestones.

106. Bilston Burn, left bank below Pathhead farmhouse, shale in middle

of Bilston Burn Limestone. Lower Limestones.

106a. Bilston Burn, a few feet above Bilston Burn Limestone. Lower
Limestones.

107. Bilston Burn, at junction with Dryden Burn. Upper Limestones.

107a. Bilston Burn, a few feet up stream from junction with Dryden
Burn. Upper Limestones.

108. Bilston Burn, near Polton, 100 to 150 yds. up-stream from the old

stone bridge. Beds between Nos. 5 and 6 Limestones. Upper
Limestones.

109. Bilston Burn, on lower side of old stone bridge, near Polton

;

beds 30 to 40 ft. below the No. 6 Limestone. Upper Lime-

stones.

110. Bilston Burn, above No. 6 Limestone, where stream runs along

the strike—shale overlying a thin coal. Lower third of Mill-

stone Grit.

1 10a. Bilston Bum, 27 to 30 ft. above No. 6 Limestone. Lower third of

Millstone Grit.

111. Bilston Burn, ^ mile W. of Polton Railway Station, right bank
nearly opposite conduit under road—impure coal. Lower third

of Millstone Grit.

Ilia. Broomieknowe Eailway Cutting, 7 miles S.E. of Edinburgh, east

end of station platform—in bottom of Splint Coal. Lower
Coal Measures.

111&. Broomieknowe Eailway Cutting, east side of station house—top of

first coal below the Splint Coal. Lower Coal Measures.

112. Broomieknowe Railway Station. Shale above the Parrot Rough
Coal exposed at the steps on west side of the station house.

Lower Coal Measures.

112a. Broomieknowe Railway Cutting, between the station and the bridge

—Jewel Coal. Lower Coal Measures.

113. Broomieknowe Railway Cutting, west side of road bridge and at the

east end of the railway tunnel—impure coal 100 to 120 ft.

below Jewel Coal. Lower Coal Measures.

114. Polton Colliery, Eldendean Pit, from roof of Parrot Rough Coal.

Lower Coal Measures.

115. Polton Colliery, No. 3 Pit. Pavement of Rough Coal. Lower
Coal Measures.

116. Polton Colliery, pit presently working J mile S. of Bonnyrigg.
Roof of Parrot Rough Coal. Lower Coal Measures.

117. Bonnyrigg, Viewfield Sandstone Quarry. Lower Coal Measures.
117a. Lasswade, ^ mile N. of, on right bank of river North Esk. Upper

two-thirds of Millstone Grit.

118. Roslin Gunpowder Mills, south end, right bank of river North Esk,
opposite No. 4 house, at base of cliff immediately below the
branch stream which enters from the E. and also just below the

bridge. Lower third of Millstone Grit.

119. Roslin Gunpowder Mills, south end, left bank, North Esk River, upper
side of bridge. Impure coal. Lower third of Millstone Grit.

120. Roslin Gunpowder Mills, upper side of road on west side of glen,

behind No. 25 house. Lower third of Millstone Grit.
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122. Roslin, small stream that enters the Esk from the K, a little N.

of Roslin Castle—between two waterfalls. Base of Lower Coal

Measures.

123. Between Polton and Eoslin, near middle of E. and W. flowing

portion of river less than ^ mile S. of Glenesk House, Polton.

Upper two-thirds of Millstone Grit.

124. Between Polton and Roslin, east bank of river North Esk about

J mile S. of Springfield House, at sharp bend of river a little

down stream from the summer-house perched on the edge of the

cliff—band about 40 ft. above river bed. Upper two-thirds of

Millstone Grit.

124a. Polton, left bank, river North Esk, § mile above its junction with

Bilston Burn. Upper two-thirds of Millstone Grit.

125. Whitehill Colliery, Eosewell, | mile S. of Hawthornden Railway

Station. Lower Coal Measures.

126. Auchindinny, 2 miles N.E. of Penicuilc, left bank of river North
Esk ^ mile due E. of Easter Auchindinny Bridge, escarpment a

few yards W. of where the little stream enters from the N.
Lower third of Millstone Grit.

127. Auchindinny, left bank of river North Esk, where beds are vertical

and bent; at curve of river at nearest point to south wall of

Glencorse Barracks. Lower third of Millstone Grit.

128. Glencorse Barracks, 1^ miles N.E. of Penicuik. In the stream that

flows eastwards into the North Esk—S. of the Barracks and

on north side of Beeslack. At point 20 to 30 yds. from junction

with North Esk, a few feet above the coal. Lower third of Mill-

stone Grit.

129. Glencorse Barracks, stream S. of, midway between river North Esk
and the public road to the N.W., a small exposure on right bank,

is probably sometimes covered. Upper two-thirds of Millstone

Grit.

130. Glencorse Barracks, stream S. of, about 60 yds. S.E. of the public

road. Beds forming a small scarp on right bank. From light-

coloured sandy ironstone on top of bank and in bed of stream

farther down round the bend. Upper two-thirds of Millstone Grit.

13L Auchindinny, in stream about midway between Auchindinny House
and Kirkettle Farm and | mile S.E. of Firth House. Upper
Limestones.

132. Auchindinny, fully I mile N.E. of Maybank, 60 to 80 yds. up the

main stream from the branch—beds below the coal. Lower third

of Millstone Grit.

133. Auchindinny, at junction of two streams fully J mile N.E. of May-
bank. Lower third of Millstone Grit.

134. Auchindinny, 100 to 150 yds. below junction of two streams fully

J mile N.E. of Maybank—bed above the coal and at base of massive

yellow sandstone. Lower third of Millstone Grit.

135. Auchindinny, small branch stream S. of Auchindinny House, 20 to

30 yds. from junction with main stream—beds under the coal.

Lower third of Millstone Grit.

136. Auchindinny, as before, about midway between bend of stream

and wood— E. of Maybank. Lower third of Millstone

Grit.

137. Penicuik, Mauricewood Coal Pit. Upper Limestones.
138. Penicuik, ^ mile N.E. of. North Esk River—sandstone overlying No.

6 Limestone. Lower third of Millstone Grit.

139. Penicuik, North Esk River, left bank, near Valleyfield Paper Mills

—

shale below No. 5 Limestone. Upper Limestones.
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140. Penicuik, 100 to 200 yds. up stream from Penicuik Bridge. Lower

Coal Measures.

141. Black Burn, right bank below Halls, 1 mile S. of Penicuik—shale

below No. 4 Limestone. Upper Limestones.

142. Hebershaw House, Old Quarry S.E. of, near Howgate, 2 miles S.E.

of Penicuik—shale above No. 1 or No. 2 Limestone. Lower
Limestones.

143. Lillyburn Sandstone Quarry, 2 miles E.S.E. of Penicuik. Edge

Coals.

144. Mount Lothian Old Limestone Quarries, 3 miles S.E. of Penicuik.

No. 2 Limestone. Lower Limestones.

145. Fullarton Limestone Quarries, 3| miles S.E. of Penicuik. No. 2

Limestone. Lower Limestones.

146. Hare Burn, 1| miles S.W. of Penicuik Kailway Station, 40 yds.

S.W. of fence and nearly J mile S.W. of bridge where burn

crosses to S.E. side of road. Lower Coal Measures.

147. Hare Burn, IJ miles S.W. of Penicuik, 100 to 150 yds. W. of the

east margin of Hurly Wood. Ferruginous sandstone. Upper
Limestones.

147a. Hare Burn, 70 to 80 yds. W. of the east margin of Hurly Wood.
Ironstone. Upper Limestones.

148. Brunston Castle and Auchencorth, midway between. On W. bank

of North Esk Eiver [Coral Bed = No. 5 Limestone]. Upper
Limestones.

149. Monks Burn, about 4 miles S.W. of Penicuik, right bank opposite

Unthank. Lower Limestones.

150. North Esk Eiver [Habbie's Howe], left bank below Peggy's Pool.

Shale below and associated with No. 2 Limestone. Lower Lime-

stones.

151. Brunston Colliery, 3 miles S.W. of Penicuik. No. 2 Limestone.

Lower Limestones.

152. Brunston Colliery, 3 miles S.W. of Penicuik. Shale between Nos.

1 and 2 Limestones. Lower Limestones.

153. Cornton Burn, 2 miles S.W. of Penicuik, left bank opposite Cornton.

Upper Limestones.

154. Cornton Burn, right bank opposite Cornton, Productus bed above

black shale. Upper Limestones.

155. Cornton Burn, black shale below No. 4 Limestone. Upper Limestone

series.

156. Braidwood Burn, S.W. of Penicuik, right bank above Matthew's

Linn. Shale above No. 2 Limestone. Lower Limestones.

157. Carlops Limestone Quarry, 4J miles S.W. of Penicuik. Sheet 24.

Lower Limestones.

157a. Carlops, River North Esk, in old river bank 30 yds. W. of the

stream and 150 yds. N. of Eogersrig Farm. Caloiferous Sand-

stone.

1576. Carlops, Eiver North Esk. Limestone underlying the bed of lava,

[Burdiehouse Limestone]. Calciferous Sandstone.

157c. Carlops, Eiver North Esk, right bank. No. 2 Oil-Shale in ascending

order. Calciferous Sandstone.

157d. Carlops, Eiver North Esk, at junction with Amazondean Burn, Soft

calcareous shale underlying an oil-shale. Calciferous Sandstone.

158. Kittly Bridge, Carlops, right bank of river Esk. Shale above lime-

stone. Lower Limestones. Sheet 24.

1 58a. Kittly Bridge, above, on bank of small stream on right bank of North
Esk. Black shale below No. 1 Limestone. Lower Limestones.

Sheet 24.
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159. Deep Syke, near Whitefield, Macbiehill. White crystalline lime-

stone from Talla water tunnel at point near here. Lower Lime-

stones. Sheet 24.

160. Whitefield Limestone Quarries, between Carlops and Macbiehill

Kailway Station. Lower Limestones. Sheet 24.

161. Whitefield Talla water pipe track, near Upper Whitefield. Lower
Limestones. Sheet 24.

162. Cairn Burn, Harlaw Muir, ^ mile N.E. of road to Carlops. Lower
Limestones.

163. Bents Quarries, ^ mile S. of Macbiehill Eailway Station. Lower
Limestones. Sheet 24.

164. Whim Old Limestone Quarries, midway between Leadburn and
Macbiehill Kailway Stations. Lower Limestones. Sheet 24.

165. Hillhead Quarry, near Cockmuir Bridge. Shale above No. 1 Lime-
stone. Lower Limestones. Sheet 24.

166. Side Quarries, i^ miles E.S.E. of Penicuik. Lower Limestones.

Sheet 24.

167. Esperston Limestone Quarries, 6J miles S. of Dalkeith. Lower
Limestones.

168. Middleton Limestone Quarries, 6| miles S.S.E, of Dalkeith. Lower
Limestones.

169. Arniston, near Gorebridge, ^ mile W. of Arniston House, right bank
of river South Esk on lower side of bridge f mile S. of Carring-

ton. Edge Coals.

170. Arniston, ^ mile W. of Arniston House, left bank, river South
Esk, 200 yds. down stream from the bridge which is S. of

Carrington.

171. Arniston, left bank of river South Esk, a little farther up than

midway between the stream entering from the S. and the bend
to the W., between Carrington and Arniston Mains. Upper
two-thirds of Millstone Grit.

172. Arniston Glen, in the steep slope on left bank 100 to 150 ft.

above the stream, at bend about 50 yds. up stream from the

wooden footbridge — down stream from preceding locality.

(Marine Bed.) Lower third of Millstone Grit.

173. Arniston Glen, | mile N.W. of Arniston Mains, about 150 yds. up

stream from footbridge—beds under the Marme Bed. Lower
third of Millstone Grit.

174. Arniston Glen, ^ mile N.W. of Arniston Mains, about 50 yds. up
stream from footbridge. Thin coal and sandstone overlying it.

Lower third of Millstone Grit.

175. Arniston Glen, ^ mile S. of the old stone bridge which is W. of

Shank—left bank near top of big sandstone cliff. Lower third

of Millstone Grit.

176. Arniston Glen, ^ mile S. of the old stone bridge which is W. of

Shank—band overlying thin coal and fireclay. Lower third of

Millstone Grit.

177. Arniston Glen, left bank, 1 mile W.S.W. of Gorebridge and ^ mile

W.S.W. of Arniston Bridge, at sharp bend of stream W. of, and
down stream from, the old stone bridge W. of Shank. Upper
two-thirds of Millstone Grit.

178. Arniston Glen, J mile N. W. of Arniston Bridge, about ^ mile S.S.E.

of Kirkhill—up stream round the sharp bend above the water-

wheel. Marine nodular limestone. Lower third of Millstone

Grit.

179. Arniston Glen, as before, farther down stream at the sharp bend at

the water-wheel. Lower third of Millstone Grit.
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180. Arniston Glen, 1 mile N.W. of Gorebridge, near sharp bend of

river, S. of Kirkhill and W. of road bridge across the Esk.

Upper two-thirds of Millstone Grit.

180a. Gorebridge, a few yards up from the bridge over the Gore Water.

No. 4 Limestone and Shale. Upper Limestones.

181. Arniston Colliery, Camp Pit, S.E. of Blinkbonny Quarry, top of

Parrot Coal. Edge Coals.

182. Arniston Colliery, Emily Pit, top of Parrot Coal. Edge Coals.

183. Arniston Colliery, Engine Pit, roof of Kailblades Coal. Edge
Coals.

184. Blinkbonny Quarry, 1 mile N.KE. of Gorebridge. No. 3 Limestone.

Lower Limestones.

185. Newbattle Colliery, Lady Victoria and Lingerwood Pits, top of

Parrot Coal. Edge Coals.

186. Newbattle Colliery, Easthouses Pit, top of Parrot Coal. Edge Coals.

187. Newbattle Colliery, Bryans Pit, roof of Kailblades Coal. Edge

Coals.

188. Prestonholm, about ^ mile S. of Dalhousie Castle, river South Esk,

left bank, at small sandstone quarry S.W. of two cottages on

opposite hank. Upper two-thirds of Millstone Grit.

189. Dalhousie Castle, J mile N.N.E. of, in Murder Dean old sandstone

quarry on right bank of river South Esk, fully 1 mile S.S.E. of

Eskbank. Upper two-thirds of Millstone Grit.

190. Dalkeith, river South Esk, left bank, S.W. of Newmills Bridge and
W. of Brewlands. Lower Coal Measures.

191. Eskbank, river North Esk, up stream from Elgin Hiaugh and down
stream from weir— shale above Parrot Eough Coal. Lower
Coal Measures.

192. Eskbank, as above, shale above the coal that overlies the Parrot

Eough Coal. Lower Coal Measures.

193. Eskbank Coal Pit, | mile N. of Railway Station. Lower Coal

Measures.

194. Dalkeith Palace Grounds, right bank, river North Esk, at bend a little

less than ^ mile S.W. of junction with river South Esk, E. of

Sheriffhall Mains. Top beds of Lower Coal Measures.

195. Dalkeith Palace Grounds, right bank, river South Esk, at the sharp

bend N.E. side of Cat Haugh, J mile N.E. of the Palace.

Middle Coal Measures (?).

195a. Dalkeith Palace Grounds, E. bank of river South Esk, 200 yds.

above its junction with North Esk. Lower Coal Measures.

196. Dalkeith Palace Grounds, left bank, river Esk, ^ mile S.W. of

Smeaton Bridge. Lower Coal Measures.

^
197. Dalkeith Palace Grounds, Smeaton Burn, 170 yds. N.N.E. of

Lodge. Lower Coal Measures.

198. Smeaton Burn, 2 miles N.N.E. of Dalkeith—^shale above 8-inch coal

on both sides of burn, 50 yds. E. of road. Lower Coal
Measures.

199. Smeaton Burn, 100 to 200 yds. S. of Smeaton House, 2 miles

N.N.E. of Dalkeith. Lower Coal Measures.

199a. Smeaton Dean, | mile N.E. of Smeaton Railway Station. Shale
heap at old working 50 yds. W. of old road bridge. Lower
Coal Measures.

1996. Smeaton Shaw Railway Cutting. Millstone Grit.

200. Smeaton Old Coal Pit, 1 mile N.E. of Dalkeith. Lower Coal
Measures.

201. Balaclava Old Pit, Shawfair Farm, 2 miles N.N.E. of Dalkeith.

Lower Coal Measures.
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2.03. Joppa Sandstone Quarrj'— shale overlying No. 4 Limestone. Upper

Limestones.

204. Joppa Shore, between tide-marks, about 43 yds. W. of the west-

most corner formed by wall of salt pans—impure coal 2 to 3 in.

thick—below the lowest nodular ironstone with marine fossils.

Lower third of Millstone Grit.

205. Joppa Shore, between tide-marks—marine ironstones—from 43

yds. to 46 yds. W. of the westmost corner formed by wall of

salt pans. Lower third of Millstone Grit.

205a. Joppa Shore, a few yards W. of salt pans. Lower third of Mill-

stone Grit.

206. Joppa Shore, opposite the Salt Works—opposite N.E. corner of

salt pans. White cement band 1 to 2 in. thick. Upper two-

thirds of Millstone Grit.

207. Joppa Shore, opposite the eastern corner of the house which is E.

of the salt pans, within a few feet of the outcrop of Seven-

Foot Coal. Lower Coal Measures.

208. Joppa Shore, E. of the salt pans, 4 to 8 yds. E. of E. corner of

garden retaining wall on E. side of house—parroty shale overlying

Four-Foot Coal. Lower Coal Measures,

209. Joppa Shore, E. of the salt pans, 193 ft. E. of E. corner of

retaining wall of the garden on E. side of salt pans. {Carboni-

cola Bed.) Lower Coal Measures.

210. Musselburgh, Olivebank Pit sinking, S. of Fisherrow Harbour.

Lower Coal Measures.

211. Levenhall Sandstone Quarry, S. side of road. Impure Coal 1 to 2

in. and shale overlying it—overlying the sandstone of the

quarry. Upper two-thirds of Millstone Grit.

212. Levenhall Shore, at Buccleuch Park, at sewage pipe on shore—near

high-water mark—coal cut off by E. & W. fault a few feet sea-

wards. Upper two-thirds of Millstone Grit.

213. Levenhall Shore, at Buccleuch Park, east of foregoing locality—bed

on W. side of gap in section. Upper two-thirds of Millstone Grit.

214. Levenhall Shore, at Buccleuch Park, east of foregoing locality, a

few yards W. of West Pans—rocks obscured by sand and mud.

Thin coal and marine shale above it. These are the same beds

as those overlying the sandstones in the quarry. Upper two-thirds

of Millstone Grit.

215. Levenhall Shore, at Buccleuch Park, east of the above locality.

Sandstone on W. side of West Pans. Upper two-thirds of Mill-

stone Grit.

216. Levenhall Shore, at West Pans. Lower third of Millstone Grit.

217. Levenhall Shore, at West Pans, 75 yds. E. of foregoing locality at_

E. corner of wall which projects^on to the shore. (Marine Bed.)

Lower third of Millstone Grit.

218. Levenhall Shore, E. side of West Pans, first exposure W. of the

stream ( = Parliamentary and Borough boundary) at Ravens-

haugh Bridge. Lower third of Millstone Grit.

219. Carberry Colliery, 2 miles S.E. of Musselburgh. Edge Coals.

220. Wallyford Colliery, IJ miles E. of Musselburgh. Edge Coals.

221. Dolphingston Pit, Prestongrange, shale associated with Diamond
seam. Edge Coals.

222. Prestongrange Colliery, Prestonpans. Edge Coals.

223. Prestongrange, shore opposite, at Bankfoot, W. of Prestonpans.

N"o. 5 Limestone and Shale. Upper Limestones.

224. Cuthill, W. of Prestonpans, where road bends sharply—beds between

Nos. 4 and 5 Limestones. Upper Limestones,
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225. Prestongrange Shore, W. end of Prestonpans. No. 4 Limestone.

226. Prestonpans, Northfield Pit, S. side of town. Edge Coals.

227. Crossgatehall, railway cutting at, 2J- miles N.E. of Dalkeith.

Lower Limestones.

228. Cousland Quarries, 3 miles E.N.E. of Dalkeith. No. 2 Limestone.

Lower Limestones.

229. Airfield trial quarry, near Cousland. Lower Limestones.

230. Airfield Farmhouse, quarry on W. side of, ^ mile S.E. of Cousland.

No. 2 Limestone. Lower Limestones.

231. Chalkieside Old Quarry, near Crossgatehall, 2J miles N.E. of

Dalkeith. Lower Limestones.

232. D'Arcy Quarry, If miles E. of Newton Grange and 2J miles S.E. of

Dalkeith. Lower Limestones.

233. Mayfield Quarry, 2 miles S.E. of Dalkeith. Lower Limestones.

234. Mansfield Quarry, 3 miles S.E. of Dalkeith. Lower Limestones.

235. Currielee, No. 3 quarry, river Tyne, 4 miles S.E. of Dalkeith.

Lower Limestones.

236. Currielee, No. 2 quarry, right bank, 20 to 30 ft. above river Tyne,
No. 2 Limestone. Lower Limestones.

237. Currielee, No. 1 quarry—quarry farthest up the Tyne. Lower
Limestones.

238. Vogrie House, stream on N. side of, 3f miles S.E. of Dalkeith,

below the fault where radiating structure is seen in sandstone.

Lower Limestones.
23;i. Borthwick Castle, near, 2 mUes S.E. of Gorebridge, Middleton

South Burn, left bank, a few yards up stream from the bridge to

the Castle.
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B. GENEKAL LIST OF CAKBONIFEEOUS FOSSILS
AERANGED IN THEIR SYSTEMATIC ORDER.

As already stated, a number of the species given in the lists are not

represented by specimens in the Geological Survey Collection, but are

taken from the published papers of the following authors : Messrs. Bennie

and Kidston, Davidson, Etheridge, jun., Huxley, Jones and Woodward,
Kidston, Lyddeker, Nicholson and Foord, T. Stock, Traquair. Such quota-

tions are denoted respectively by the initials BK, D, E, H, JW, K, L, NF,
S, T, placed immediately after the locality number of the species recorded :

—

GBNBEA AND SPECIES.
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GENBEA AND SPECIES.

Seeds, etc.—continued.

OarpolithuS sp. indet. .

Cordaianthus, Qrand'Eury.

„ pitcaimise, L. rfc H. sp.

Bhabdocarpus Gopp. di Berg.

„ sp. indet.

Samaropsis Qoppert.

„ acuta L. <k H. sp.

„ sp. indet. .

Trigonocarpus Brongniart.

„ parkinsoni Brotig. .

„ sp. indet.

Spores.

Lagenioula Kidston.

I.

Triletes Reinsch.
1.

II.

II. var.

V.

VI.
VII.

IX.
X.
XI.
XII.
XIY.
XV.
XVI.
xvn.
XVIII.

Incertje Sbms.

CalcisphEera Williamson.

,, sp. indet. .

Schutzia Geinitz.

„ bennieana Kidsi.

FoRAMINirBRA.

Cliniacammina H. B. Brady.

,, autiqua H. B. Brady
„ sp. indet.

Endothyra Phillips.

„ ammonoides H. B. Brady
„ bowmani Phil.

„ crassa H. B. Brady
„ glohnlxis (d'Eichv!.)

„ macella H. B. Brady
„ radiata H. B. Brady .

Locality Numbers.

38, 44, 46, 48, 49, 67, 195o.

I17a, 125, 146.

146.

195a, 196.

123, 124, 129, 130, 190, 19ea.

125.

4, 206, 234.

25ek, 227bk, 203, 91aBK, 44bk.

lllaBK, 1I3bk.
113BK.
113BK.
9I5BK.
916bk, 205aBK, 112obk.
205aBK, 113bk.
916bk, 206, lllaBK, 113bb.

1116BK, 112BK, 112aBK, 113BK.

lllaBK, 112BK, 112aBK, 113BK.

qiiBK, 205aBK.
305oBK.
ftlisK, 205aBE.
106aBK, 107OBE- ,,

lllaBK. 112aBK.
205OBK ?.

18.

49bk.

144, 145, 163, 184.

145.

151.

151.

144 ?, 163, 184.

1, 144, 145, 151, 184.

14 ?, 145 ?.

144, 145, 223.
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GENEEA AND SPECIES.

FoBAMiNiFBBA

—

conlinu ed,

Lituola Lamarck.
„ bennieana //. B. Brady

Saccammina Sars.

„ carter] H. B. Brady .

Stacheia H. B. Brady.

„ congesta H. B. Brady

„ polytrematoides H. B. Brady
„ ap. indet.

Textularia Defrance.

„ exiraia d'Eick.

„ gibbosa d'Orb.

Troohammina Parker iSs Jones.

„ incerta d'Ori.

.

ValTulina d'Orbigny.

„ decurrens H. B. Brady

„ palseotroohus H. B.
~

„ „ var. compressa
H. B. Brady

„ plicata H. B. Brady

„ youngi If. B. Brady
Onion-like bodies {Foraminifera ?)

.

POEIFEEA.

Hyalostelia Zittd.

parallela {M^Ooy)

„ smithi ( Young) ,

„ sp. indet

Sponges indet

Incebt* Sedis

Palseacis Edw. & Haime.
„ cyolostoma, {Phill.)

ECHINODBKMAT.4,

Orinoidea.

Aotinocrinus Miller.

„ sp. indet. .

Dichoorinus Munster.

„ sp. indet. .

Hydreionoorinus de Kon.

„ globularis de Kon.

„ sp. indet.

Platyorinus Miller.

„ cf. Isevis Mill.

„ trigintidaotylus Auaiin

„ sp. indet. .

Poterioorinus Miller.

„ crassuB Mill. .

Locality Numbers.

144, 163.

16, 144, 145, 151, 160 ?; 168, 237.

151.

1, 157.

144.

14, 16, 145, 163 ?, 223 ?.

163.

1, 14, 151, 22,8, 232.

145, 157, 168, 184, 228.

1, 14, 16?, 144, 145, 157, 160,
163, 165, 168, 228.

1, 145, 168.

151, 184.

157.

160, 165.

1, 15, 150, 157, 229.

1, 157.

160.

64, 71, 139, 160.

1, 14, 157, 228, 231.

168, 227, 237.

157.

139, 157 ?, 166, 168, 233, 237 f.

1, 144,227,231.

16V.

1.

15, 163, 166.

151, 156, 163, 227, 228, 232.
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GENERA AND SPECIES.

EcHiifODEBMATA

—

Continued.

Poterioorinus cf. nuoiformis M'Coy
„ sp. indet

.

Rhodoorinus Miller.

„ cf. bursa (Phill.)

„ sp. iadel. .

Pear-shaped crinoid

Crinoid ossicles

Blastoidea.

Zygocrinus Bronn. [Astroorinites audi.'].

„ benniei {B. Eth., junr.)

Echinoidea.

Archseocidaris M'Coy.
„ va:ei{Fhm.) .

„ sp. indet.

HolotJiuridea.

Achistrum B, Etheridge, junr.

„ nioholsoni B. Eth., junr.

Cheirodota Eschscholtz.

„ robertsoni E. Eth., junr. .

„ traquairi B. Eth., junr. .

Holothurian plates indet.

Annelida.

Ortonia Nicholson.

„ carbonaria Young
Serpula Linnmus.

„ sp. indet. .

Serpulites 3I'Lea'i/.

„ carbonarius M'Goy
„ sp. indet.

Spirorbis Lamarck.
„ ambiguus Flem.

„ caperatus M'Coy

„ pusillus (il/ari.

)

„ var. hibberti R. Eth.,

junr.

helioteres Soli. . . . .

spinosa (de Kon. ) . . .

Locality Numbers.

157.

144, 145, 154, 160, 237.

151.

157, 166.

16, 151, 160.

13, 14, 100, 102, 106, 131, 139,

144, 145, 151, 157, 158, 159,

163, 164, 167, 169, 172, 178,

203, 216, 223, 228.

151, 1.57.

1, 145, 157, 160, 172, 228, 232.

6, 7, 14, 15, 16, 99, 100, 105, 144,
150, 151, 154, 157, 165, 168,

203, 223, 228, 235, 237.

157.

14.

14, 157.

157, 223.

99, 100, 145, 160, 165.

236.

61, 160, 165, 228, 233.

1,38,61,145,150,157,223.

1, 157.

1, 5, 32, 43, 50, 51, 53, 64, 144,

145, 157, 163, 165.

18, 25, 27, 29, 32, 43, 52, 53, 55,

63, 64, 66, 69, 78, 79, 83, 87,
89.

89.

18, 63, 71, 236.

16, 157, 160.



General List of Carboniferous Fossils. 391

GENERA AND SPECIES.

Annelida—continued.

Spirorbis ap. indet.

Vermilia LamareJc.

„ minuta Brown

Abthropoda.

Ostracoda.

Aglaia Brady.

„ oypridiformis J. t!s K.

.

Argilloecia Sars.

,, sequalifi J. & K.
Bairdia M'Coy.

„ ampla Betiss.

,, brevis J. <t; K.
. , ciroumcisa .7. & K. .

„ ourta M'Goy
,, elongata (Munst.)

,, grandis J. tb K.
hisingeri (if5m-?<.

)

„ mucronata Beams.

„ plebeia Beuaa. .

„ var.

,, siiboylindrioa (MUnsier)

,, subelongata J. cb K. .

„ submucronata J. cfc K,

,, sp. indet. .

Beyriohia M'Goy.

,, arcuata (Bean.)

,
, rigida J.d; K.

„ subarouata Jones .

„ sp. indet.

Beyriohiella Jones & Kirlcby.

„ ventrioomis J. & K.
Beyrichiopsis Jones dk Kirlcby.

„ fimbriata J. cfe K.

„ ,. '^-r- •

,. sp. indet.

Bythocypris Brady.

„ bilobata (Jffesi.)

„ cornigera J. & K.

„ cuneola J. & K.

„ sublunata J. & K.
thraso t J. & K.

Carbonia Jones.

fabulina (J. dc K.) .

„ pungens {J. & K.) .

„ . sp. indet.
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GENERA AND SPECIES.

Beachiopoda—continued.

Orbieuloidea d'Orbigny.

„ nitida {Phill.) .

Orthotetids [the Streptorhynchus creni-

stria of the old Survey lists includes
aseptate forms referable to the genus
Schuchertella Girty. Septate forms
belonging to Derbyia or to Ortholete-s

(emend. Girty) are probably also re-

presented].

Productus J. Sowerby.
aculeatus {Martin)

cf. burlingtonensjs Hall

[ Vaug%an'\

cf. corrugatus M'Ooy
costatus /. de. C. Sou:

murioatus PAUl. .

fimbriatus J. de G. Sow.
giganteus (Martin)

„ conical variety
latissimus J. Sow.

form intermediate between
P. giganteus and P.

latissimus....
longispinus J. Sow.

punctatus (Martin)

elegans M'Goy
scabriculus (Martin)

semireticulatus (Martin)

Locality Numbers.

25, 61, 100, 142, 150, 152, 160,

172, 217, 228, 233, 236.

1, 17," 102, 106, 137, 139, 145,

153, 155, 157, 165, 166, 167,

168d, 172, 184, 203, 223, 228,

229, 230, 233, 234, 236.

1, 106, 151, 167, 163, 166, 167,

168, 184, 228, 230, 234, 236.

157a.

158, 168 ?, 184, 228, 234, 236.

157, 163, 167, 172, 217, 227 ?.

228, 234.

139, 167D.
236.

100, 102, 107 ?, 137 ?, 139, 150 ?,

151, 159 ?, 167, 203, 223.

102, 172.

91, 102, 107, 139, 141, 154, 155,

203, 223, 225.

154 223.

1, 15, 100, 102, 105, 106, 139,

142 ?, 144, 145, 150, 151,

153, 154, 1.55, 156, 157, 158?,
159, 160, 163, 166, 167, 168,

184, 194, 223, 227, 228, 231,

232, 233, 234, 236, 237.

1, 106, 144, 149, 150, 151, 157,

159, 162, 165, 166, 167, 168,

223, 228, 229, 230, 232, 233,
236.

145, 163, 234, 236.

1 ?, 11, 131, 142, 160, 151 ?, 156,

156, 158, 160, 162, 165, 168,

233, 235, 236.

1, 11 ?, 13, 15, 100, 131 ?, 139,

142, 144, 149 ?, 150, 151, 152,

154, 167, 157a, 158, 168a, 159,

160, 162, 164, 165, 166, 167,

168, 172, 184, 203, 205, 211;

214, 217, 223, 229, 230, 232,

233, 234, 236, 237.
,
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Beachiopoda—continued.

Produotus semireticulatus var. martini

J. Sow.

„ spinulosiia J. Sow.

„ (Etheridgina) compleotens

R. Eth.,junr. .

Pugnax HaJl <fc Clarke.

„ pugnus {Martin) [Rhynchonella

awctt.'i ....
Reticularia M'Goy.
; „ liueata {Martiii) [Spirifer

auctW] ....
[Includes aseptate forms referable to

the genua Sguamtilaria Gemmellaro.

The presence of the true septate

Seticularia could not be ascer-

tained.]

Rhipidomella OeMert.

„ miohelini (L'EveUU) [Or-

this auctt.l .

Rhynchonella Fischer.

„ ? pleurodon {Pliill. )

.

Schizophoria King.

„ resupinata(J/arti»)[Orthis

auctt.} . . .

Semiuula M'Goy.
„ ambigua {J. Sow.) fAthyris

auctW] ....
Spirifer J. Soweroy.

„ dupliciCosta, Phill.

„ trigonalis (Martin)

„ „ var. bisulcata J. de C.

Sow.
Spiriferina d'Orhigny.

„ cristata (Schloth.) var. octo-

plioata {J. de O. Sow.)

„ ioBculpta, {PJiiU.) .

Lamellibbauchiata.

Aotinopteria HaU.

„ Suotuosa, {B. lilth., junr.)

„ persulcata {M'Coy) .

M sp. indet, .

Locality Numbers.

139, 159, 160, 165.

Id, 159, 160.

157.

228d.

1, 144, 145, 156, 158, 165, 166,

167, 168, 184, 228, 229, 233,

236, 237.

1, 102, 104, 107, 144, 151, 157,

158, 160, 166, 168, 172 7, 228,

229, 230, 232, 237.

151a, 164, 228, 232, 233.

1, 11, 104, 106, 139, 142, 160,

165, 166, 167, 168, 223, 228,

229, 230, 236, 237.

1, 139, 144, 145, 151, 155, 166,

157o, 163, 166, 167, 168, 228,

237.

UOo.

1 ?, 162, 228, 229, 236.

102, 105, 106, 131, 144, 149, 151,

154, 156, 157, 158, 159, 160,

162, 165, 166, 167, 168, 172,

184, 216, 217, 223, 227, 228,

229, 230, 232, 233, 234, 236 ?,

237.

1, 107, 131, 139, 159, 160, 166,

227, 232.

1, 102, 150, 157, 223. 236.

157.

3, 17, 74, 104, 142, 160, 165, 167.

la.
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GENBUA AND SPECIES. Locality Numbers.

Lamellibuanchtata—continued.

Grammatodon geinitzi {de Kon. ) .

„ tenuistriat.a(M. & W.)

„ sp. indet.

Leiopteria HaU.
„ divisa (M'Goy) .

„ lunulata (PAffl. ) .

„ thompsoni (PoriZ.

)

Lithodonms Guvier,

„ lingualis (PAtK.)

Modiola Lamarck.
„ macadami Porttock

Myalina de Koninch.

,, sublamellosa S. Eih., junr.

„ verneuili (M'Goy) .

Naiadites Dawson.
„ carinata {J. de 0. Sow.) .

,, erassa (P?em.

)

„ elongata Hind
,, raodaolaiis {J. de G. Soto.)

„ ohesa. [R. Eth., junr.)

„ sp. indet.

Nucula Lamarck.

„ gibbosa Flem. .

,, oblonga M'Goy

.

,, scotica Hind
Nuoulana Link.

„ atteniiata(J?'/em.) .

„ brevirostris [Phill.)

,, Ise-vistriata (Meek dh WoHhen)
„ sharmani R. Eth., junr. .

„ sp. indet.

Palffiolima Hind.

„ simplex (PTiill.) .

sp
Pinna Linni.

„ fiabelliformis (ifari.) .

,, mutioa M'Goy .

„ sp. indet

Posidonomya Bronn.

„ comigata R. Eth.
,
junr.

„ sp. indet.

Protoschizodus de Koninch

„ axiniformis (Porfl.

)

„ nuouloides (M'Goy)

„ obliquus (M'Goy) .

„ sp. indet.

Pseudamusium H. & A. Adams, after

Klein ; emend Verrill.

,, anisotum ( PMZ. ) .

„ ellipticiim (P7wK.) .

61, 172.

110a.

61, 100, 102.

26, 61.

167, 168 ?.

172, 184

142, 161, 162, 165.

157a.

25, 152, 157o.

6, 61, 110a.

185, 200, 210, 226.

59, 61.

209.

(31, 103, 185, 210, 226.

2a, 6, 8a, 9, 10,23, 24,26, 27,29,30,
36 ?, 38, 44, 67, 67a, 220, 239.

6, 157a.

1, 6, 15, 26, 105 ?, 151, 157, 223.
63?.

61.

1, 61, 102, llOo, 149, 152, 156,

157, ISId, 160, 223, 228.

61.

59.

61.

155.

172.

157a.

G, 13, 150, 161, 167, 236.

147a.

168, 184.

la, 3, 100.

3o, 15, 104, 228.

3, 105, 157a, 167 ?, 172.

27.

6. 155, 156.

8, 100.

165.

la?.
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RBSTEEA AND SPECIES.

Gasteropoda—continued.

Uuomphalus J. Sowerhy.

,, carbonarius J. de G. Sow. .

,, marginatus M'Coy .

Euphemus M'Coy.
„ urei (Flem.) [Bellerophon

auctt.]

„ orbignyi (Portlbch)

Macrochilina Bayle.

„ acuta {J. de C. Sow. )

.

„ michotiana de Kon. .

„ reotilinea {PJiill.)

Murchisonia d^Arch. <fc de Vern.

,, angulata (PAi'B.

)

„ striatula de Kon.
Natioopsis M'Coy.

,, variata {Phill.)

PlatyostomfeUa Etheridge, Junr.

,, scotoburdigalensis Eth.,
' Junr.

Poroellia LeveilU.

„ puzo Lev.

Ptychomphalina Bayle.

„ atomaria {PJiill.)

.

„ moniliiera (PAiK.)

„ striata {J. Sow.) [Pleu-
rotomaria auctt.]

Schizostoma Bronn.

„ eatilliim {Martin) [Euom-
phaluaoMcif.].

Tropidooyelus de Kon.

„ oldhami {Portlock) [Belle-

rophon OMCM.]

Yvania Bayle.

„ yvani {Lev.) [Pleurotomaria
auctt.] .....

Zygopleura Kolcen [Loxonema auctt] .

„ ingiieium {Phill.)

„ scalarioideum {Phill.) .

ItfCEKT^E S"EDIS.

Conularia Miller.

„ quadriaulcata ,7. Sow.
' ,, sp. indet. ....

Cephalopoda.

Nautiloidea.

Actinoceras Bronn.

„ giganteum {J. Sow.)

„ sowerbyi {M'Coy)

„ sp. indet. . . 1 ,

Locality Numbers.

141, 228.

228.

la, 6, U ?, 17, 100, 105, 156, 228,
231, 232.

110a.

102.

228?.
3a.

102, 157, 172 ?.

I, 14, 151 ?.

II, 13 ?, 15, 106, 151 ?, 233, 236.

23, 52, 64.
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GENERA AND SPECIES.

Cephalopoda—continued.

Coelonautilua Foord.

„ planotergatus (M'Goy)

„ quadratus(J'iem.)[Discites
attctt.] .

Colooeraa Hyatt.

„ ooyanum {d'Orb.) .

Cyrtooeras Ooldfuss.

„ rugosum Flem.
Orthooeras Breynius.

„ attenuatum Flem.

„ oylindraoeum Flem.

„ pyramidale ? Flem.

„ sulcatum Flem. .

„ sp. indet.

Plouronautilus Mojsisovics.

„ oostatus Hind
Strobooeras Hyatt.

,, sulcatum {J. de C. 8oii).)

[Nautilus auctt.1

Vestinautilus Byckholt.

„ cariniferus (J. de C. iSoic. )

.

Ammonoidea.

Dimorphoceras Hyatt.

„ gilbertsoni {Phill. )

.

Glyphioceras Hyatt.

„ micronotum {Phill.) .

„ subtruncatum Foord
truncatum (PhUl.) .

sp. (2) . .

Pisces.

Elasmdbranchii.

Pleuracanthus Agassiz.

„ IsBvissimus Ag.

„ elegans Traq. .

„ gracillimus Traq.

„ horridulus Traq.

„ fastigiatus (Davis) .

Diplodus Agassiz.

gibbosus Ag. .

„ parvulus Traq.

Cladodus Agassiz.

„ mirabilis Ag
„ striatus Ag. .

Dioentrodus Traqtiair.

„ tiouspidatus Tracf. .

26

X X
X

Locality Numbers.

3a.

160, 167, 184, 228, 232, 234.

So.

160, 233.

27, 61.

3a, 14 ?, 157.

3a.

1, 3a, 14, 160, 184 ?, 228.

15, 17, 27, 30, 35, 37, 59, 61, 100,

105, 151, 156, 157, 157o, 158,

167, 203, 223, 234.

194.

3a.

6lE.

3a.

3a.

3a.

3a.

3a.

200t.

93t, 98t.

98t.

93t, 98t.

93t, 98t.

94t, 201.

93t, 98t, 220.

233.

It, 233.

93t, 98t.
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PisoBS

—

continued.

Janassa Miinster.

„ clavata M'Ooy.
„ lingustformis Atthey

.

„ Sp. indet

Petalorhynchus Neivberry <lk Worthen.

„ psittaoinus (M'Gmi)
Petalodus Owen.

„ acuminatus Agass.

Asteroptyohius M'Ooy.

„ ornatus Agass.

Ctenoptychius Agassiz.

,, apioalis Agass.

„ lobatus (S. Eth., junr.)

„ aertsAMS (Agass.)

„ sp. indet.

Polyrhizodus M'Goy.

„ magnus Jf'Ooy.

Callopristodus Traquair.

„ pectinatus (/Igr.)

Pristodus Davis.

„ faloatus Davis
Copodus Davis.

„ planus Davis .

Psammodus Agassiz.

,, rugoaus Agass. .

„ sp. indet. .

Helodus Agassiz.

„ simplex Agass.

„ sp. indet.

Pleurodus (Agassiz), Hancock & Atthey.

„ a,ttheyi (Barlcas) .

„ falcatus Traq.

„ rankinei Han. & Atthey.

„ sp. indet.

Xystrodus Morris & Roberts.

,, striatus M^Coy .

Coehliodus Agassiz.

,, contortus Ag.

Poeeiiodus M'Goy.

,, jonesi (M'Goy)
„ sp. indet.

Psephodus Morris & Roberts.

,, magnus M'Goy
„ sp. indet.

Oraoanthus Agassiz.

„ armigerus Traq. .

Acondylacanthns St. John <fc Worthen.

„ jenliinsoni (M'Goy)
iiopracanthus Owen.

„ colei Given.

Tristyohius Agassiz.

„ arouatus Ag.

Locality Kumbers.

169.

94t.

180.

167, 233t.

It, 159.

157.

94r.

It, 157.

228t.

21, 43, 81, 169.

233.

21, 38, 50, 89t, 93t, 98t, 218.

It.

152t.

1, 167, 228.

166.

X (Mid. Coal Meas.) 94, 195.

la, 147.

180, 194.

92t, 97t.

94t, 180.

la, 13, 97t, 113.

167, 233, 236.

167, 228, 233.

1, 233T.

168, 236.

168T.

166, 232.

92t, 97t, 147.

233T.

94t.

44,^6lT, 87t, 89t, 92t, 93t, 97t,

98t, 182.
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C. LISTS OP POST-TEETIAKY FOSSILS

(Eevised by Dr. Lee).

From C. Reid, " Origin of the British Flora," 1899, p. 72.

Hailes Quarry, near Edinburgh.

"Two plant-bearing deposits are found at this spot. The lower one rests

immediately on the Boulder Clay and yields Arctic plants in the hollows between the
boulders."

Lower Bed, Late Glacial.

Thaliotrum minus (?) Linn.
Ranunculus aquatilis Linn.

,, repens Linn.
Viola palustris Linn.
Lychnis diurna Sibth.

Stellaria media Gyr.

Oxalis Acetosella Linn.
Hippuris vulgaris Linn.
Taraxacum officinale Weh.
Andromeda polifolia Linn.
Menyauthes trifoliata Linn.

Stachys palustris Linn.
Ajuga reptans Linn.
Polygonum aviculare Linn.
Alnus glutinosa Linn.
Salix herbacea Linn.

„ polaris Wahlb.

„ reticulata Linn.
Empetrum nigrum Linn.
Eleocharis palustris Br.

Soirpus pauoiflorus Lightf.

Isoetes lacustris Linn.

The remains of A2ms (Lepidurus) glacialis were also found in this deposit by
J. Bennie.

Upper Beds, Neolithic.

Ranunculus aquatilis Linn.

,, Flammula Linn.

,, Lingua (?) ii?i».

,, repens Linn.
Caltha palustris Linn.
Viola palustris Linn.
Lychnis diurna Sibth.

„ Flos-cuculi Linn.
Stellaria media Oyr.

„ uliginosa Murr.
Montia fontana Linn.
Linum.
Oxalis Acetosella Linn.
Prunus spinosa Linn.

„ Padus Linn.
Spiraea Ulmaria Linn.
Eubus Idseus Linn.

,, fruticosus Linn.
Potentilla TormentiUa (?) Linn.

„ Comarum Nestl.

Cratsegus Oxyacantha Linn.
Hippurus vulgaris Linn.
jEthusa Cynapium Linn.
Sambucus nigra Linn.
Valeriana officinalis Linn.
Chrysanthemum segetum Linn.
Matricaria iuodora Linn.

Cnicus palustris Willd.

Lapaana communis Linn.

Menyanthes trifoliata Linn.
Pedioularis palustris Linn.
Lycopus europseus Linn.
Stachys palustris Linn.
Galeopsis Tetrahit Linn.
Ajuga reptans Linn.
Atriplex patula Linn.
Polygonum Persicaria Linn.
Rumex crispus Linn.
Mercurialis perennis Linn.
Betula alba Linn.
Alnus glutinosa Linn.
Corylus AveUana lAnn.
Querous Robur Linn.
Pinus sylvestris Linn.
Potamogeton heterophyllus Schreh.

„ perfoliatus Linn.

„ pusillus Linn.
Eleocharis palustris B. Brown.
Scirpus pauoiflorus Lightf.

,, setaceus Linn.

„ lacustris Linn.
Carex dioioa Linn.

„ echinata Murr.
,, canesoens Linn.

,, flava Linn.
Isoetes lacustris Linn.
Chara.
Raphanus Raphanistrum Linn. *

* Not identified when book was written.
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From J. Bennie and T. Soott, " The Ancient Lakes of Edinburgh

'

{Proc. Roy. Phys. Soc. Edin., 1889, vol. x. p. 145).

Caiidona Candida (Muller).
Ilyooypris gibba {Ramdohr).
Cytheridea torosa var. teres {Jones).
Pisidium fontinale (Drap.).

Planorbis glaber Je§r.

Limnea peregra (MiilUr).

Vertigo pygmsea {Drap.).

From J. Simpson and D. Hepburn, " On Mammalian Bones found during

Excavations at Hailes Quarry near Edinburgh " {Trans. Edin. Geol.

Soc, 1899, vol. viii. p. 27).

Bos primigenius Boj.

„ sp.

Equus sp.

Cervus elaphus Linn.
Arvioola agrestis Linn. (Field Vole).

From C. Eeid, " Origin of the British Flora," 1899, p. 86.

Eedhall Quarry, near Slateford, Edinburgh.

Neolithic.

Ranunculus aquatilis Linn.

,, Flammula Linn,

,, Lingua Linn.

„ repens Linn.
Caltha palustris Linn.
Fumaria officinalis Linn.
Viola palustris Linn.
Lychnis diurna Sibth.

„ Flos-cuculi Linn.
Stellaria media Ci/r.

„ uliginosa Linn.
Spergula arvensis Linn.
Montia fontana Linn.
Hypericum quadxangulum Linn.

„ elodes Linn.
Linum.
Oxalis Acetosella Linn.
Prunus lusitauica Linn.
Spiraea Ulmaria Linn.
Rubus Idseus Linn.

,, fruticosus Linn.
Potentilla Tormentilla Neck.

„ Comarum Nestl.

Alchemilla arvensis Lam.
Rosa canina (?) Linn.
Crataegus Oxyacantha Linn.
Sambucus nigra Linn.
Valeriana officinalis Linn.
Eupatorium canabiunum Linn.
Bidens cernua Linn.
Chrysanthemum segetum Linn.

Matricaria inodora Linn.
Tussilago Farfara Linn.

Senecio sylvaticus Linn.
Cnious lanceolatus Willd.

„ palustris Willd.

Ceutaurea Cyanus Linn.

Lapsana communis Linn.

Crepis virens Linn.
Leontodon autumnalis Linn.

Taraxacum officinale Web.
Souohus arvensis Linn.
Menyanthes trifoliata Linn.
Pedicularis palustris Linn,
Lycopus europaeus Linn.

Prunella vulgaris Linn.
Stachys palustris Linn.

Galeopsis Tetrahit Linn.
Ajuga reptans Linn.
Littorella lacustris Linn.
Atriplex patula Linn.
Polygonum aviculare Linn.

„ Persicaria Linn.
Rumex obtusifolius Linn.

„ crispus Linn..

Euphorbia Helioscopia Linn,
Alnus glutinosa Linn.
Quercus Robur Linn.
Pinus.

.Juncus.

Sparganium ramosum ? Curtis^

Alisma Plantago Linn.
Pptamogeton perfoliatus Linn

„ pusillus Linn.
Eleocharis palustris Br.

Scirpus pauciflorus Lightf.

„ setaceus Linn.
Carex dioica Linn.

„ eohinata Murr.
„ cauescens Linn.

,, panicea Linn.

„ flava Linn.
Agrostis.

From J. Bennie and T. Scott, " Ancient Lakes of Edinburgh "

{Proa. Roy. Phys. Soc. Edin., 1889, vol. x. p. 146).

Redhall Quarry.

Deflugia sp.

Cypria opthalmica {Jurine).

„ serena {Koch).

Cjipris incongruens, Ramdohr.
Herpetooypris olivaoea (?), B. & N.

Candona rostrata {B. & N.).

., Candida {Miiller).

Limnicythero inopinata (Baird).

Pisidium pusillum (?) {Omel).
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From J. Bennie and T. Scott, " Ancient Lakes of Edinburgh

'

{Proc. Boy. Phys. Soc. Edin., 1889, vol. x. p. 154).

Redhall Quaeey.
Diatoms from Peat Bed in Boulder Clay.

Amphora ovalis Ktz.

Ceratoneis arcus Ktz.

„ „ var. majus.
Cymbella lanceolata Ehb.

„ cistula Hemper.
„ gastroides Ktz.

„ „ var. minor.
Stauroneis phsenicenteron Nitz.

„ acuta W. Sm.
„ gracilis W. Sm.
„ anceps Ehb.

Navicula major Ktz.

„ nobilis Ktz.

„ viridis Ktz.

„ gibba Ktz.

„ Hmosa Ktz.

,, ovalis Sm.
„ ariglioa Salp.

radiosa Ktz.

„ cuspidata Ktz.

Navicula rhynchocephala Ktz.

sp.

Pleurosigma attenuatum W. Sm.
Gomphonema insigne Grev. forma major
Epithemia gibba Ehr.

„ ,, var. ventrioosa.

Asterionella formosa Hassal.

Synedra pulchella Ktz.

,, danica Ktz.

Tabellaria fenestrata Lyngb.
Cymatopleura solea Sm.

„ elliptioa Breb.

Surirella elegans Ehr.

„ spiralis Ktz.

,, biseriata Breb.

Campylodiscus costatua W. Sm.
Nitzschia angustata Grun.
Hantzia amphioxis var. intermedia

Orun.
Cyolotella comta Ktz.

From C. Eeid, " Origin of

COKSTORPHINB, Lake Deposits-

Ranunculus aquatUis Linn.

„ repens Linn.
Viola palustris Linn.
Stellaria media Cyr.

Eubus.
Dryas octopetala Linn.
Potentilla.

Hippuris vulgaris Linn.
Myriophyllum spicatum Linn.
Taraxacum officinale Web.
Andromeda Polifolia Linn.
Loiseleuria prooumbens Desv.
Menyanthes trifoliata Linn.

the British Flora," 1899, p. 62.

I—Arctic Plant Bed—Late Glacial.

Oxyria digyna HUl.
Betula nana Linn.
SaUx repens Linn.

„ herbaoea Linn.

„ polaris Wahlb.

„ reticulata Linn.
Empetrum nigrum Linn,
Potamogeton.
Bleocbaris palustris Br.

Scirpua pauoifiorus Lightf.

,, lacustris Linn.
Oarex, 2 sp.

From J. Bennie and T. Scott, " Ancient Lakes of Edinburgh "

(Proc. Boy. Phys. Soc. Edin., 1899, vol. x. p. 143).

CoESTOBPHiFE, Old Lake Deposit.

Cypria Isevis Miiller.

Cypris incongruMis Samdohr.
Herpetooypria reptans (Baird).

Ilyooypris gibba (Bamdohr).
Candona Candida (MiUler).

„ pubescens (Koch).

Cypridopais aouleata (Littjeborg).

„ vidua (Miiller).

Cypridopais villoaa (Jurine).

Lymnicythere iuopinata (Baird).

Pisidium fontinale (Drap.).

„ nitidum Jenyns.
Planorbis glaber Jeffr.

„ nautileus (Linn.),

Limnaea peregra (Miiller).

„ trunoattda (MiUler).

From C. Eeid, " Origin of the British Flora," 1899, p. 60.

Beoughton, Edinburgh City.

Neolithic.

Polygonum aviculare Linn.

„ Peraicaria Linn.

Ranunculus aquatilia Linn.

„ Flammula Linn.

„ Lingua Linn.

„ repens Linn.
Stellaria media Cyr.

Montia fontana Linn.
Carduus.
Atriplex (?)

Rumex.
Potamogeton.
Soirpus setaceus Linn.
Eriophorum.
Carex.
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From C. Keid, " Origin of the British Flora," 1899, p. 70.

Eanunculus aquatilis Linn.

„ repens Linn.
Viola palustris Linn.
Prurms Avium Linn.
Rubua IdtEus Linn.
Crataegus Oxyaoantha Linn
Myriophyllum.
Carduus.
Sonohus arvensis Linn.
Menyanthes trifoliata Linn.

Gayfield, Edinburgh City.

Atriplex(?)
Polygonum Peraicaria Linn,
Salix polaris WaJdb.

„ herbaoea Linn.

„ reticulata Linn.
Potamogeton crispus Linn.

sp.

Carex.
Pliragmites.

laoetes.

From J. Bennie and T.

{Proc. Roy. Phys.

HoLYEOoD Park, Old

Cypria Isevis Miiller.

„ serena Koch.
Cypris incongruens Ramdohr.
Herpetooypris reptaDs (Baird).

Cypridopsis Tillosa (Jurine).

Potamooypris fulva Brady.
Candona Candida {Mailer).

„ lactea Baird.

„ pubescens {Koch).

Scott, " Ancient Lakes of Edinburgh "

Soc. Edin., 1889, vol. x. p. 143).

Lake Deposit, near Holyrood Palace.

Ilyocypria gibba {Eamdohr).
Limnicythere sancti-patricii (jB. cfc R.).

Cytheridea lacustris {3ars.).

Limusea peregra {Muller).

Planorbis glaber Jeffr.

Valvata pisoinalis {Miiller).

Pisidium pusillum {Omd.).
„ fontinale (Drop.).

From J. Bennie and T. Scott, " Ancient Lakes of Edinburgh "

{Proc. Roy. Phys. Soc. Edin., 1889, vol. x. p. 139).

Edinburgh City, Old Lake Deposit in Princes Street Gardens
(The "Nor Loch").

Cypria opthalmica {Jurine).

Cypris prasina Fischer.

Herpetocypris reptans {Baird).

Candona Candida {Muller).

Candona lactea Baird.
Limnicythere inopinata {Baird).

Pisidium pusillum {Omd.).
Limnsea peregra {MvM.).

From J. Bennie and T. Scott, " Ancient Lakes of Edinburgh "

{Proc. Roy. Phys. Soc. Edin., 1889, vol. x. p. 140).

ISToKTH Side op Blackford Hill, Lacustrine Deposit.

Cypria opthalmica (Jurine).

„ serena {Koch).
Cypridopsis vidua {Miiller).

Potamooypris fulva Brady.
Candona Candida {Miiller).

,, lactea Baird.

„ pubescens (Koch).

„ fabseformis (Fischer).

IlyocyprisTgibba (Bamdohr).
Limnicythere inopinata (Baird),
Pisidium fontinale (Drap. ).

„ pusillum (GwieZ.).

Sphserium corneum (Linn.).

Planorbis glaber Jeffr.

Limnsea peregra {Miiller).

From J. Bennie and T. Scott, "Ancient Lakes of Edinburgh "

{Proc. Roy. Phys. Soc. Edin.., 1889, vol. x. p. 140).

JoRDANVALE Lake, Momingside, Edinburgh.

Cypria serena (Koch).

Cypris incongruens Bamdohr.
Herpetocypris reptans (Baird).

Cypridopsis vidua ( Miiller).

Potamooypris fulva Brady.
Candona Candida (Miiller).

„ fabseformis (Fischer).

Limnicythfrs inopinata (Baird).

Sphserium corneum (Linn.),

Pisidium uitidum Jenyns.

„ pusillum ( GmeZ. ).

Planorbis glaber Je^r.

„ nautUeuB {Linn.).

Limnaea peregra (Muller).
Physa fontinalis (Linn. ).
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From J. Bennie and T. Scott, " Ancient Lakes of Edinburgh
"

(Proc. Roy. Phys. Soc. Edin., 1889, vol. x. p. 141).

The Meadows.

Oypria serena {Koch).

Herpetocypris reptans (Baird).

Candona Candida (Muller).

„ laotea Baird.
Darwinula stevensoni B. & R.
Pisidium nitidum J&nyns.

Pisidium pusillum {Omel.).

Planorbis nautileus (Linn.).

Valvata cristata Miiller.

„ piscinalis {MiiUer).

Limnaea peregra (MWer).

From C. Eeid, " Origin of the British Flora," 1899, p.

FiLLYSiDE, between Leith and Portobello.

Ranunculus Plammula Linn.

,, repens Linn.
Viola.

Lychnis diuma (?) Linn.
Stellaria media Oyr.
Montia fontana Linn.
Rubus Idseus Linn.
Sambucus nigra Linn.

69.

Taraxacum officinale TFei.

Staobys palustris Linn.
Ajuga reptans Linn.
Atriplex patula Linn.
Rumex.
Merourialis perennis Linn.
Alnus glutinosa Linn.
Carex.

From J. Bennie and T. Scott, "

{Proo. Roy. Phys. Soc.

Anomia ephippium Linn.
Pecten opercularis {Linn.).

Mytilus edulis Linn.
Modiolaria marmorata {Forbes).

!Nuoula nitida G. B. Sowerby.
Leda pygmsea {Munster).

,, minuta (MiiUer).

Lepton nitidum Turton.
Montacuta bidentata {Montagu).
Ostrea odulis Linn.
Cyamium minutum {Fdbricius).

Oardium fasciatum Montagu.
„ nodosum Turton,

Venus linota Pultney.

„ fasciata {Da Costa).

Tapes puUastra {Montagv,).

Tellina tenuis Da Costa.

„ fabula Qronovius.

Maotra solida Linn.

„ subtruncata {Da Costa).

Sorobicularia alba ( Wood).
Mya arenaria Linn.
Saxicava rugosa {Linn.).

Chiton sp.

Patella vulgata Linn.
Helcion pelluoidum {Linn.).

Tectura virginea {Miiller).

Trochus cinerarius Linn.

„ umbihoatus {Montagu).

The Raised Sea-Bottom of Fillyside
"

Edin., 1892, vol. xi. p. 216).

Lacuna divarioata {Fabricius).

,, puteolus (Tiirton).

Lacuna pallidula {Da Costa).

Littorina obtusata {Linn. ).

Littorina rudis {Maton).
Rissoa costata {Adams).

„ parva {Da Costa).

„ membranacea {Adams).

,, violacea Desmarets.

,, striata (Adams).
„ semistriata (Montagu).

Hydrobia ulvse (Pennant).

Skenea planorbis (Fabricius).

Odostomia unidentata (Montagu).

„ spiralis (Montagu).

„ scalaris (Philippi).

Natioa alderi Forbes.

Adeorbis suboarinatus (Montagu).
Purpura lapilhis (Linn. ).

Murex erinaoeus Linn.

Nassa reticulata (Linn. ).

„ inorasaata (Strom.).

Pleurotoma nebula (Montagu).

„ septangulsjis (Montagu),

Utrioulus trunoatulus (Brugui^re).

„ hyalinus (Turton^.

Philine nitida Je^reys.

„ aperta (LiMra. ).

Westbank Brick and Tile Works, near Portobello, from piece of clayey sand

embedded in fine brick clay. From Survey List Books. Determina-

tions by H. B. Brady.

Cassidulina laevigata d'Orb.

Cristellaria rotulata (Lamh.).

Deutalina communis d'Orb.

GlanduUna laevigata d'Orb.

Lagena globosa ? (Montag.).

„ lasvia (Montag.).

Lagena marginata (W. tfc B. ).

„ melo (d'Orb.).

„ squamosa (Montag.).

„ sulcata (W. & J.).

Miliolina seminulum (Linn.).

Nodosaria humilis Scemer.
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Westbank—continued.

Nodosaria sp.

Nonionina asterisans ( F. <fc jl/. ).

Nonionina depreasula {W. & ./.).

Polymorphina lactea [W. ck J.).

Polystomella arctioa P. cfc J.

„ crispa (Linn.).

„ striatopunotata (F. <fc M.}.
Pulvinulina karsteni (Rss.).

Sphseroidina buUoides d'Orh.

Trunoatulina lobatula {W. & J. ).

Cythere ooncinna Jones.

,, leioderma Norman.
,, mirabilis Brady.

,, tuberculata Sars.

Cytheridea papilloaa Bo/iq.

,, sorbyana Jones.

Note by J. Bennie.—This piece of muddy sand was of a greenish hue and was quite

speckled with the chalk grit and shelly debris in it. In digging it out, which I could

only do in small pieces, I was very careful not to take any of the ordinary clay with it,

and I think it was wholly free from such admixture. This piece of shelly mud had
every appearance of having been carried in and deposited in the clay when in course of

formation, probably from some far-off shore.

25-ft. Raised Beach, drain cutting in, Caroline Park, Granton.

From Survey List Books.

Balanus.
Cardium edule Linn.
Lutraria elliptica Lamk.
Mactra solida Linn.

,, subtruncata {Da Costa).

Ostrea edulis Linn.
Pecten.
Saxicava ?

Solen siliqua Linn.
Tapes !

Venus gaUina ? Linn.
Buocinum undatum Linn.
Littorina littorea {Linn. ).

., obtusata (iiBB. ).

Patella vulgata Linn.
Pleurotoma ?

Trochus oinerarius Linn.
Turritella terebra {Linn. ).

Raised Beach, under Prestongrange House, west of Prestonpans.

From Survey List Books.

Cardium edule Linn.

,, tuberculatum ? Linn.
Cyprina islandica (Linn.).

Lutraria elliptica Lamk.
Mactra solida Linn.

,, subtruncata {Da Costa).

Mytilus edulis Linn.
Ostrea edulis Linn.
Pecten maximus (Linn. ).

„ opercularis (Linn.).

Saxicava.
Solen.

Venus gallina Linn.
Aporrhais pes-pelioani (Linn. ).

Buocinum undatum Linn.
Dentalium entalis Linn.
Heloion pellucidum ? {Linn. ).

juittorina littorea (Linn. ).

,, obtusata (Linn.).

Nassa.
Purpura lapillus (Linn. ).

Trochus cinerarius Linn.
TuriteUa terebra (Linn.).

Helix nemoralis Linn.

26-ft. Raised Beach, pit at tilework, Morrison's Haven, Prestongrange,

vrest of Prestonpans.

Mactra subtruncata (Da Costa).

Ostrea edulis Linn.
Tapes puUastra (Montagu).

Littorina littorea (Linn. ).

Littorina obtusata (Linn.).

Patella vulgata Linn.
Purpura lapillus (Linn. ).

Post-Tertiaby Mammalia.

Compiled from W. Evans, " The Mammalian Fauna of the Edinburgh District," 8ro,

Edin., 1892 ; "The Catalogue of the Museum of the Society of Antiquaries of Scotland."

Sir W. Turner, " On the Species of Seal found in Scotland in Beds of Glacial Clay," in

Joum. Anatomy and Physiology, 1870, vol. iv. p. 260 ; and A. S. Woodward and
C. D. Sherbom, "A Catalogue of British Fossil Vertebrata." Lond., 1890.

Aloes maoblis Ogilby (" Elk ") Duddingston Loch, Holyrood Park.

„ „ „ ( >! ) Greyorook, near Cramond.
Cervus elaphus lAnn. (Red Deer) Greenoraig, near Dreghorn, Pentland Hills.

„ „ ,, ( „ ) Hailes Quarry, near Slateford.
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Post-Tbbtiaky Mammalla—continued.

Cervus elaphus Linn. (Red Deer) Haugh Burn, between Cauldhame and Parkly Craigs,

li miles S.E. of Linlithgow.

„ ,, ,, ( ,, ) Craigorook Farm, near Edinburgh.

„ „ „ ( „ ) The Meadows, Edinburgh City.

„ ( „ JHolyrood „ „
,. „ ( „ )Joppa.

Bangifer tarandiis {Linn.) (Keindeer) Greencraig, near Dreghom, Pentland Hills.

„ „ >> ( „ ) Craigton, 1 mile E. of Philipstoun.

„ „ J. ( .1 ) Loch at Dundas Castle, near Dalmeny.
Bos taurus Linn. var. longifrons Owen. Kinleith.

„ „ Nor Loch, Edinburgh City.

,, „ Inveresk.

„ „ Island of Inohkeith.
primigenius Bnj. (Great Extinct Ox) Hailes Quarry,near Slateford.

„ „ Loch at Dundas Castle, near Dalmeny.
Equus sp. (Horse) Hailes Quarry, near Slateford.

„ „ „ Greencraig, near Dreghorn, Pentland Hills.

Elephas primigenius Blwm. (Mammoth) CUfton Hall, 9 miles W. of Edinburgh.
Microtus agrestis (Linn.) (Field Vole) Hailes Quarry, near Slateford.
Canis lupus Linn. (Wolf) Greencraig, near Dreghorn, Pentland Hills.

Phoca hispida Schreber (Seal= Floe rat of sailors) Portobello brick clay.
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Experiments. Together with some Miscellany Observations, the
last whereof is a short History of Coal, and of all the common,
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8vo, Edinburgh.

1774. Pennant, T. A Tour in Scotland, and Voyage to the Hebrides,
MDCCLXXII. 4to, Chester, 1774, and later editions.
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p. 101. Vol. ii. pp. 303-310.
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115, 153, 158, 594, 603; vol. ii. pp. 417, 418; vol. iii. (pub.

Lend., 1899 ; edited by Sir A. Geilde), pp. 37, 138.

1799. TowNSON, R. Tracts and Observations in Natural History and
Physiology. London. [Gives descriptions of Calton Hill, Salisbury
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1802. Platpaie, J. Illustrations of the Huttonian Theory of the Earth
(Edin. 1802.)

1803. Hall, Sib J. Experiments on Whinstone and Lava. Trans. Roy.
Soc. Edin., vol. v. p. 43.

1803. Kennedy, R. A Chemical Analysis of three Species of Whinstone
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174.

1811. Jameson, R. On Cotemporaneous Veins. Mem. Wern. Soc, vol. i.

p. 1.

1811. Mackenzie, C. Analysis of Compact Felspar from Pentland Hills.

Ibid. p. 616.

* Compiled by D. Tait.
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1811. Allan, T. On the Books in the vicinity of Edinburgh. Trans. Boy.
Soc. Edin., vol. vi. p. 405.

1815. Fleming, J. On a bed of Fossil Shells on the Banks of the Forth.
Thomson's Ann. of Phil., vol. vi. p. 18.

1815. Hall, Sir J. On the Revolutions of the Earth's Surface. Part II.

Being an account of the Diluvian Facts in the Neighbourhood of
Edinburgh. Trans. Roy. Soc. Edin., vol. vii. p. 169.

1818. Jameson, E. Outline of the Mineralogy of the Pentland Hills.

Mem. Wernerian Nat. Hist. Soc, vol. ii. p. 178.
1818. Jameson, R. On the Geognosy of the Lothians. Ibid. p. 618.
1819. Jameson, E. 1. Secondary Greenstone and Wacke not of Volcanic

Origin. 2. Veins which connect Mineral Beds together, not
confined to Trap-Eocks. 3. Trap Veins (Whin-Dikes) probably of
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traverse. Edin. Phil. Journ., vol. i. p. 138. (Conducted by
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1819. Jameson, E. Geognostical Description of the Neighbourhood of
Edin. Ibid. p. 352.

1821. Necker, de Saussuee. Voyage dans I'^&cosse. 3 vols.
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1821. Geierson, J. Account of some Sandstone Petrifactions found near
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1822. Bald, R. Notices regarding the Fossil Elephant of Scotland.

Mem. Wernerian Nat. Hist. Soc, vol. iv. p. 58.

1822. Playpaie, J. The Works of John Playfair, Esq., etc. etc. 8vo,
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[The Salisbury Crags Sill, pp. 276, 290, 293-296, 298, 302.

Arthur Seat breccia, pp. 300-301.]

1823. Allan, T. Description of a Vegetable Impression found in the

Quarry of Craigleith. Trans. Roy. Soc Edin., vol. ix. p. 235.

Also Edin. New Phil. Journ., 1830, vol. xxii. (New Series,

vol. viii.), p. 195.
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vol. xviii. (New Series, vol. iv.), p. 115.
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Edinburgh. Karsten's Archivfiir Mineralogy, Oeognosie, Bergbau
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Bibliographical. 415

1831. WiTHAM, H. T. M. A description of a Fossil Tree discovered in the

Quarry of Craigleith, near Edinburgh, in the Month of November,
1830. Trans. Nat. Hist. Soc, Northumberland and Durham and
Newcastle, vol. i. p. 294.

1831-37. LiNDLET, J., and W. Htjtton. The Fossil Flora of Great Britain

;

or, Figures and Descriptions of the Vegetable Eemains found in

a Fossil State in the Country, London.
1833. WiTHAM, H. T. M. The Internal Structure of Fossil Vegetables

found in the Carboniferous and Oolitic deposits of Great Britain.

Edin. A. and C. Black [Contains description and figures of Fossil

Trees found in Craigleith Quarry], pp. 27-37, plates iv., v., vi.,

vii.

1833-44. Agassiz, L. Recherches sur Les Poissons Fossiles, 4to. 5 vols.

Neuchatel (Suisse). [Midlothian Fishes Figured and Described.]

1833. WiTHAM, H. T. M. A description of a Fossil Tree, discovered in

the Quarry of Craigleith, near Edinburgh, in the month of

November 1830 ; with a short Account of a Fragment and Branch
found in 1831. Trans. Roy. Soc. Edin., vol. xii. p. 147.

1833. Rhind, W. Excursions illustrative of the Geology and Natural
History of the Environs of Edinburgh (2nd ed., 1836).

1833. Walkee, R., and J. Drtsdale. Chemical Composition of some
Secondary Rocks. Slate-Clay from Wardie Compact Felspar

from the Pentlands. Greenstone from Wardie. Felspar Rock
of Wardie. Sdin. New Fhil. Journ., vol. xxix. (New Series,

vol. XV.), p. 195.

1833. Anon. Chemical Analyses of Stratified Rocks altered by Plutonean
Agency ; and Analysis of Largo Law Basaltic Rock and
Wollastonite from Corstorphine Hill. Edin. New Phil. Journ.,

vol. XV. p. 386.

1834. Maclaben, C. Five Articles in the Scotsman Newspaper on
Arthur's Seat, the Environs of Edinburgh and Calton Hill.

183.5. Maolaren, C. On the Geology of the Pentland Hills. Rep. Brit.

Assoc., Edinburgh Meeting, 1834, p. 649.

1835. Smith, G. Account of the Sandstone quarries in the Edinburgh
and Glasgow districts, and of the principal Slate quarries in

Scotland. Trans. Highl. ^ Agric. Soc. Scot., vol. x. (ser. ii.

vol. iv.), p. 81.

1835. Gregory, W., and R. Walker. Analysis of Coprolites. Edin. New
Phil. Journ., vol. xviii. p. 164.

1835. HiBBBET, S. On the Ossiferous Beds contained in the Basins of

the Forth, the Clyde and the Tay. Rep. Brit. Assoc,
Edinburgh Meeting, 1834, p. 642.

1836. Greenock, Lord. A General View of the Phenomena displayed

in the neighbourhood of Edinburgh by the Igneous Rocks, in

their relations with the Secondary Strata ; with reference to

a more particular description of the Section which has been
exposed to view on the south side of the Castle Hill. Trans.

Roy. Soc. Edin., vol. xiii. p. 39, and Edin. New Phil. Journ.,

1834, vol. xvii. p. 193.

1836. Geeenock, Lord. General Remarks on the Coal Formation of

the Great Valley of the Scottish Lowlands. Trans. Roy. Soc.

Edin., vol. xiii. p. 107, and Rep. Brit. Assoc, Edinburgh
Meeting, 1834, vol. iii. p. 639.

1836. Hibbebt, S. On the Fresh-Water Limestone of Burdiehouse in

the Neighbourhood of Edinburgh, belonging to the Carboniferous

Group of Rocks. With Supplementary Notes on other Fresh-
Water Limestones. Trans. Roy. Soc Edin., vol. xiii. p. 169.



416 Appendix.

1836, Gebgort, W. Analysis of a Clay Ironstone, forming a bed 12 in.

thick, in the Coal Formation at Wardie, to the westward of

Newhaven, near Edinburgh. Hdin. New Phil. Journ., vol. xxi.

p. 173.

1836. CoNNELL, A. Analysis of Coprolites and other Organic Kemains
imbedded in the Limestone of Burdiehouse, near Edinburgh.
Trans. Roy. Soc. Edin., vol. xiii. p. 283.

1837. Carmichael, J. Account of the principal limestone quarries of
Scotland, including the Lothians, Forth and Clyde district,

Carrick and Cunningham district, Nithsdale district, Fife
district, and Angus district. Trans. High. ^ Agric. Soc. Scot.,

vol. xi. (ser. ii. vol. v.), pp. 57-82.
1837. BuOKLAND, E.EV. W. Geology and Mineralogy considered with

reference to Natural Theology, 2 vols, with 69 plates.

1837. Moffat, —
. Geometrical and Geological Landscape of the Environs

of Edinburgh.

1837. Pateeson, E. On the Fossil Organic Kemains found in the Coal
Formation at Wardie, near Newhaven. Edin. New Phil.
Journ., vol. xxiii. p. 146.

1838. Ehind, W. The Age of the Earth, considered Geologically and
Historically, p. 202. 12mo, Edinburgh.

1838. Cunningham, E. J. H. On the Geology of the Lothians. Mem.
Wernerian Nat. Hist. Soc, vol. vii. pp. 3-160, and separately.

8vo, Edin., 1839.

1839. Maclaren, C. Geology of Fife and the Lothians, including
detailed descriptions of Arthur's Seat and Pentland Hills. 2nd
ed. 1866.

1840. Milne-Home, D. Memoir on the Midlothian and East Lothian
Coal-Fields. Trans. Boy. Soc. Edin., vol. xiv. p. 253, and
separately with additions, 1839, W. Blackwood & Sons,

Edinburgh.

1842. EnrND, Wm. Geology of Scotland. 8vo, Edin.

1842. BucKLAND, W. Proofs of Glacial Action at Edinburgh. Geological

Proceedings, vol. iii. pp. 336 and 345, and Edin. New Phil.

Journ., vol. xxx. pp. 194 and 202.

1842. Weight, J. E. Description of a model of Arthur's Seat and the

King's Park, Edinburgh. Geol. Proc, vol. iii. p. 448.

1843. Beown, Capt. T. Description of some new species of the Genus
Pachyodon. Mag. Nat. Hist, ser. i. vol. xii. p. 390.

1844. Agassiz, L. Eecherches sur les Poissons Fossiles, 4to, 5 vols.,

Neuchatel (Suisse). Many Midlothian Fishes Figured and

Described.

1844. JS'icoL, J. Guide to the Geology of Scotland, 8vo, Edin., pp. 71-93.

1844. Pateeson, E. Description of Pothocites Grantoni, a new vegetable

from the Coal Formation. Trans, Bot. Soc. Edin., vol. i. p. 45.

1844. Dunn, Matthias. View of the Coal Trade of the North of

England with a concise notice of the peculiarities of certain

Coal-Fields in Great Britain and Ireland. Pub. Pattison &
Eoss, Newcastle-upon-Tyne. Midlothian Coal-Field, pp. 119-122.

1845. FoEBES, J. D. Account of some experiments on the Temperature

of the Earth at different depths and in different Soils near

Edinburgh. Trans. Roy. Soc. Edin., vol. xvi. p. 189.

1845. The New Statistical Account of Scotland, by the Ministers of the

Eespective Parishes, vols. i. and ii., Edinburgh and Linlithgow.

8vo, Edin.

1845. Maclaren, C. Geological Observations on Binny Craig in West
Lothian. Proc. Roy. Soc. Edin., vol. i. p. 159.



Bibliographical. 417

1846. MiLNK-HoMB, D. On Polished and Striated Books, lately discovered

on Arthur Seat, and other places near Edinburgh. JSdin. New
Phil. Jotirn., vol. xli. p. 206, and ibid. vol. xlii. (1847) p. 154.

See. also in Proa. Roy. Sac. Edin., 1851, vol. ii. p. 95, read 1846.

1847. FoBSYTH, C. On the Mines, Minerals and Geology of Linlithgovr-

shire, with Geological Map. Trans. High. Agric. Soc. Scot.,

July 1845 to March 1847, p. 229.

1849. NicoL, J. Observations on the Keoent Formations in the Vicinity

of Edinburgh. Quart. Journ. Geol. aSoc, vol. v. p. 20.

1849. Bryson, a. Notice of a Lepidodendron found in Craigleith

Quarr-y, and of a species of Dadoxlyon discovered in the Sand-

stone of Arthur's Seat. Ann. (|- Mag. Nat. Hist., ser. xxii.

vol. vii. p. 345.

1849. Milne-Home, D. The Parallel Roads of Lochaber, with remarks

on the Change of relative levels of Sea and Land in Scotland,

and on the Detrital Deposits in that country. Trans. Roy.

Soc. Edin., vol. xvi. p. 395.

1850. Bald, E. An Account of the Mineral Field between Airdrie and
Bathgate, and from Bathgate to Edinburgh and Leith. Edin.

New. Phil. Journ., vol. xlviii. p. 173.

1851. Chambbbs, E. On the Glacial Phenomena of the neighbourhood

of Edinburgh, v^ith some remarks on the General Subject.

Edin. New Phil. Journ., vol. xlix. p. 330 [abstract] and Brit.

Assoc. Rep., Edinburgh Meeting, 1850, vol. xix. p. 78.

1851. Fleming, J. Eemarks on certain grooved surfaces of Eock on
Arthur's Seat, p. 67. Notes on the Superficial Strata of the

Neighbourhood of Edinburgh, concluded, p. 111. Additional

example of Diluvial Scratches on the Rocks in the Neighbour-

hood of Edinburgh, p. 159. Proc. Roy. Soc. Edin., vol. ii.

1851. Fleming, J. On the Anthracite of the Calton Hill. Proc. Roy.

Soc. Edin., vol. ii. p. 175.

1851. VoELCKEE, A. Analysis of the Anthracite of the Calton Hill,

Edinburgh. Proc. Roy. Soc. Edin., vol. ii. p. 300, and Edin.

New. Phil. Journ., vol. xlviii. p. 333.

1851.. MuBCHisoN, Sir R. I. On the Silurian Rocks of the South of

Scotland. Quart. Journ. Geol. Soc, vol. vii. p. 137.

1853. SoRBY, H. C. On the Oscillation of the Currents drifting the

Sandstone Beds of the South-East of Northumberland, and on

their general direction in the Coal-Field in the Neighbourhood

of Edinburgh. Rep. Geol. and Polytech. Soc. W. Riding York

for 1852, p. 232.

1853. Egbbton, [Sir] P. de M. G. Paliohthyologic Notes. No. 5—On
two new species of Placoid Fishes from the Coal Measures.

Quart. Journ. Geol. Soc, vol. ix. p. 280.

1854. Balfoub, J. H. On the Plants of the Coal Epoch and on the

general Structure of Coal. Ann. ^ Mag. Nat. Hist., new
series, vol. xiv. p. 229.

1857. Fleming, J. On the structural character of Rooks, Part III.,

embracing Remarks on the Stratified Traps of the Neighbourhood

of Edinburgh. Proc Roy. Soc. Edin., vol. iii. p. 279. Abstract

in Edin. Nexo Phil. Journ., 1855, vol. i., new series, p. 176.

1857. Chambers, R. On the recently discovered Glacial Phenomena of

Arthur's Seat and Salisbury Crags. Proc Roy. Soc. Edin.,

vol. iii. p. 497.

1857. James, Lieut.-Col. On the Deflection of the Plumb-Llne at Arthur's

Seat, and on the Mean Density of the Earth. Proc. Roy. Soc.

Edin., vol. iii. p. 364.

27



418 Appendw).

1857. Fleming, J. On the Chalk Flints of the Forth District. Edin.

New Phil. Journ., vol. vi. p. 169, ahstract. Also Proc. Roy. Phys.

Soe. Edin., vol. i. p. 262.

1857. Bloxam, T. Analysis of Craigleith Sandstone. Proc. Roy. Soc.

Edin., vol. iii. p. 390.

1858. M'Bain, J. Notice of two Fossils found in a hed of shale below
St. Anthony's Chapel, Arthur's Seat. Proc. Boy. Phys. Soc.

Edin., vol. i. p. 267. Abstract Edin. Nevi Phil. Journ., 1867,
vol. vi. p. 170.

1858. Taylor, A. On the Contemporaneous Geological Age of the
"Mountain" and " Burdiehouse " Limestone Beds of the Lin-
lithgowshire Coal-Field. Proc. Roy. Phys. Soc. Edin,, vol. i. p. 244.

1859. H. M. Geological Survey, one-inch map, Sheet 32. Edinburgh, 1st ed.

1859. Fleming, J. The Lithology of Edinburgh, with a Memoir by the
Rev. J. Duns, Edinburgh.

1859. Allman, G. J. Verbal Notice respecting the remains of a Seal
found at Portobello. Edin. New Phil. Journ., vol. x. p. 131,
abstract. Also Proc. Roy. Soc. Edin., vol. iv. p. 190.

1859. MuRCHisoN, Sir E. I. Siluria, The History of the Oldest Fossili-

ferous Rocks, 3rd ed., Pentland Hills, pp. 167-170.
1859-60. Davidson, T. The Carboniferous System in Scotland char-

acterised by its Brachiopoda. TTie Geologist, vol. ii. p. 461

;

vol. iii. pp. 14, 99, 179, 219, 258, 264.

1860. Geikie, (Sir) A. On the Old Red Sandstone of the South of

Scotland. Quart. Jour. Geol. Soc, vol. xvi. p. 321.

1861. Geikib, (Sir) A. Chronology of the Trap-Rocks of Scotland.

Trans. Roy. Soc. Edin., vol. xxii. p. 633.

1861. Moore, E. Papers on the Blaekband Ironstones of Edinburgh and
East Lothian Coal-Field, Glasgow, Morison Kyle, and Trans.
Roy. Scot. Soc. of Arts, vol. vi. p. 11.

1861. Howell, H. H., (Sir) A. Geikie, and J. W. Salter. Memoirs of

the Geological Survey of Great Britain. The Geology of the
Neighbourhood of Edinburgh (Map 32).

1862. Bloxam, T. On the Composition of the Building Sandstones of

Craigleith, Binnie, Gifnock and Partick Bridge. Proc. Roy.
Soc. Edin., vol. iv. p. 42. Edin. New Phil. Journ., 1858,
vol. vii. p. 83.

1862. Huxley, T. On New Labyrinthodonts from the Edinburgh Coal-

Field. Quart. Journ. Oeol. Soc, vol. xviii. p. 291.

1862. Carruthers, W. On a Section at Junction Road, Leith. Quart.

Journ. Oeol. Soc, vol. xviii. p. 420.

1863. Taylor, A. Note on the Exposure of the Liberton Old Red
Sandstone Conglomerate Bed, in a Quarry near Grange House,
Newington. Proc Roy. Phys. Soc. Edin., vol. ii. p. 254.

1863. M'Bain, J. Notice of Nucula decussata found in the so-called

Raised Sea-Beach Bed at Leith. Proc Roy. Phys. Soc Edin.,

vol. ii. p. 105.

1863. Miller, Hugh. Edinburgh and its Neighbourhood, Geological and
Historical, with the Geology of the Bass Rock. (4th ed., Nimmo,
Edinburgh, 1870).

1864. Landale, D. Description of the Large Coal-Field under the Firth
of Forth. Trans. Roy. Scot. Soc Arts, vol. vi. p. 341.

1864. Haswell, J. Denudation of Arthur's Seat. The Geologist, vol. vii.

p. 93.

1865. Page, D. On a Washout in Hailes Quarry, near Edinburgh.
Reports and Proceedings—Edin. Geol, Soc, Geol. Mag., vol. ii.

p. 38,



Bibliographical. 419

1865. Smyth, T. On the Upheaval of the Shores of the llrth of

Forth during the Human Period. Geol. Mag., vol. ii. pp. 76
and 181.

1865. Geikie, [Sir] A. The Scenery of Scotland viewed in connection
with its Physical Geology, 1st ed. [3rd ed., 1901].

1865. Haswell, G. C. On the Age and Fossils of the Silurian Beds of

the Pentland^Hills. Geol. Mag., vol. ii. p. 183.

1865. Haswell, G. C. On the Silurian Formation in the Pentland
Hills (with four plates). 8vo, Edin. (An abstract of the above
two papers is printed in Trans. Edin. Geol. Sac, 1870, vol. i.

p. 200.)

1866. Maclarbn, C. Geology of Fife and the Lothians, 2nd ed. (1st ed,

pub. 1839).

1866. Jones, T. R., and J. W. Kirkby. Notes on the Palaeozoic Bivalved
Entomostraca. No. VII.—Some Carboniferous Species. Ann. ^
Mag. Nat. Hist., ser. iii. vol. xvii. p. 32.

1866. Traquaih, R. H. Description of Pygopterus GreenocJcii (Agassiz)

;

with notes on the Structural Relations of the genera Pygopterus,

Amblyptenis and Eurynotus. Proc. Roy. Soe. Edin., vol. v. p. 597.

Also Trans. Roy. Soe. Edin., 1867, vol. xxiv. p. 701.

1867. Jones, T. R., and J. W. Kirkby. On the Entomostraca of the

Carboniferous Rocks of Scotland. Trans. Geol. Soe. Glasg., vol.

ii. p. 213.

1867. Geikie, J. On the Buried Forests and Peat Mosses of Scotland,-

and the changes of Climate they indicate. Trans. Roy. Soe. Edin.,

vol. xxiv. p. 363.

1867. MuECHisoN, Sir R. I. Siluria, 4th ed. Silurian and Old Red
Sandstone ofj the Pentland Hills, pp. 153, 159, 246. Carbon-
iferous, p. 291.

1867. MiLNE-HoMB, D. The Old Sea Cliffs and Submarine Banks of the

Firth of Forth. Rep. Brit. Assoc., Dundee Meeting, 1867, p. 61,

and Geol. Mag., vol. iv. p. 550.

1867. Taylor, A. On the Bituminous Shales of Linlithgowshire and
Edinburghshire. Proc. Roy. Phys. Soe. Edin., vol. iii. p. 16.

1867. SjfiTH, J. A. Bronze Implement and Bones of the Ox and Dog
found in undisturbed gravel at Kinleith, near Currie, Midlothian.

Proc. Roy. Phys. Soe. Edin., vol. iii. p. 93.

1867. Bryson, a. On the rise of the Shores of the Firth of Forth. Have
the shores of the Forth and Clyde risen since the Human
Period as asserted by Sir C. Lyell and Mr, Geikie ? Proe. Roy.
Phys. Soe. Edin., vol. iii. p. 278.

1869. Maclaren, C. Select Writings, Political, Scientific, Topographical

and Miscellaneous, in 2 vols. Vol. ii., Glacial Theory

—

Arthur's Seat, p. 93. Rise in the bed of the Firth of Forth,

p. 180.

1866-70. Transactions Edinburgh Geological Society, vol. i.

„ Haswell, G. C. On the Lower Carboniferous Rooks, exposed
on the Excavation for the foundation of the City of Glasgow
Bank, Hanover Street, p. 13.

„ Brown, D. J. Communication on Graptolites, with notice of

two species of that family from the Upper Silurian strata of

the Pentland Hills (title only), p. 14.

„ Henderson, J. Notice of Sliirwnia Acuminata from the Silurian

of the Pentland Hills, p. 18.

,, Henderson, J. Short Notice of three species of Trilobites from

the Silurian Beds of the Pentland Hills, p. 21,



420 Appendix.

1866--70. Bhown, D. J. Short notice of the Discovery of Specimens of

Strophomena Walmstedii in the Silurian Beds of the Pentland

Hills (title only), p. 23.

,, Henderson, J., and D. J. Brown. On the Silurian Eocks of the

Pentland Hills ; -with notes on the Brachiopoda by T. Davidson,

pts. i. and ii., pp. 23-33 and pp. 266-272, with map and sec-

tions, plate viii. ; and Geol. Mag., vol. vi. p. 228.

„ Haswell, G. C. On the Age of the Silurian Beds of the Pent-

land Hills (abstract), p. 200, and separately, 1865, Edin.

„ Geikie, [Sib] A. (President's Address.) Suggestions as to

Research in the local Geology of Edinburgh and Neighbour-

hood, p. 226, and Geol. Mag., 1869, vol. vi. p. 32.

,, Henderson, J. Note of recent Fossiliferous Sandstone and Clay

at Granton, p. 255, and Geol. Mag., vol. vi. p. 228 (abstract).

„ Lyon, G. Notes on the Trap Dykes of Edinburgh and Neigh-
bourhood (abstract), p. 325.

1870. Cabbtjthers, W. On the Structure of the Stems of the Arborescent

Lycopodiacese of the Coal Measures, III., on the Nature of the

Scars in the Stems of Ulodendron, Bothrodendron and Mega-
phyton, with a Synopsis of the Species found in Britain. Monthly
Microscopical Journal, pp. 144-154.

1870. Jones, T. R. On some Bivalved Entomostraca from the Coal

Measures of South Wales. [Estheria Peachii from Salisbury

Crags figured and described—plate ix. fig. 17.] Geol. Mag.,

vol. vii. p. 214.

1870. Tueneb, [Sib] W. On the species of Seal found in Scotland in beds of

Glacial Clay. Journal of Anatomy and Physiology, vol. iv. p. 260.

1870. Cboll, J. The Boulder Clay of Caithness, a Product of Land-Ice.

(Postscript—Striation on Summit of Allermuir.) Geol. Mag.,

vol. vii. p.' 277.

1871. Jones, T. E. A New Locality for Leaia. [Wardie] Geol. Mag.,

vol. viii. p. 96.

1871. Traquair, E. H. Notes on the Genus Phaneropleuron (Huxley)

with a Description of a New Species from the Carboniferous

Formation. Geol. Mag., vol. viii. p. 529.

1872. Balfodr, J. H. Introduction to the Study of Palseontological

Botany, Edinburgh, pp. 57, 63, 66.

1872. Geikie, [Sib] A. Address to the Geological Section of the Brit.

Assoc. The Geology of Edinburgh and its Neighbourhood. Eep.

Brit. Assoc, Edinburgh Meeting, 1871, p. 87, and Nature, 1871,

vol. iv. p. 277, and separately, W. & A. K. Johnston, Edinburgh.

1872. Brown, D. J. On the Silurian Eocks of the Pentland Hills and

Lesmahagow. Bep. Brit. Assoc, Edinburgh Meeting, 1871,

p. 93 ; and Geol. Mag., 1871, vol. viii. p. 423 (abstract).

1872. Grieve, D. Fossiliferous strata at Lochend, near Edinburgh. Eep.

Brit. Assoc, Edinburgh Meeting, 1871, p. 98.

1872; Henderson, J. On the Age of the Eelstones and Conglomerates of

.the,Pentland Hills. Brit. Assoc Eep., Edinburgh Meeting, 1871,

p. 101 ; and Geol. Mag., 1871, vol. viii. p. 424 (abstract).

1872. PbaoB, C. W. Additions to the list of Fossils and Localities of the

Carboniferous Formation in and around Edinburgh. Eep. Brit.

Assoc, Edinburgh Meeting, 1871, p. 109.

1872. First Eeport by the Committee on Boulders appointed by the Society.

Proc Eo-ij. Soc Edin., vol. vii., Edinburgh, p. 729.

1872., Black, W. T. Grooved boulder in Diluvial Clay at Watson's

Hospital, Edinburgh. Geol. Mag., vol. ix. p. 321.



Bibliogra'phical. 421

1872. Oarruthbes, W. Notes on some Fossil Plants (Pothocites Orantoni).

Oeol. Mag., vol. ix. p. 58.

1873. Smith, J. A. Notes of the Occurrence of the Elk {Gervus Alces)

in the British Isles. Proc. Soc. Antiq. Scot., vol. ix. p. 312.

1873. Davidson, T. Silurian Brachiopoda of the Pentland Hills and
Lesmahagow. Trans. Geol. Soc. Glaag. {Palceontological Series,

pt. i.).

1873. Peach, C. W. On a Cone of Fleiningite$ gracilis attached to its

stem. Proc. Bat. Soc. Edin., vol. xi, p. 356.

187S. M'Nab, W. R. On the Structure of Equisetums and Calamites.

Proc. Bot. Soc. Edin., vol. xi. p. 437.

1873. Peach, C. W. Notes on the Structure of Fossil Stems (Araucaria-

xylon) from Redhall and Craigleith Quarries. Proc. Bot. Soa.

Edin., vol. xi. p. 505.

1873. Caeruthehs, W. Eeview of the Contributions to Fossil Botany.

Geol. Mag., vol. x. p. 461.

1873. Ethbridge, E., Junr. On a new species of Synocladia from the

Carboniferous Limestone Series of Midlothian. Ann. Nat. Hist.,

ser. iv. vol. xii. p. 189.

1873. Etheridge, E., Junr. On some Undescribed Species of Lamelli-

branchiata from the Carboniferous Series of Scotland. Geol.

Mag., vol. x. p. 297.

1869-74. Transactions of the Edinburgh Geological Society, vol. ii.

„ EicHAEDSON, E. Notice of a Sand Bed occurring in Boulder
Clay at Newpark in the Parish of Midcalder, p. 24.

„ Henderson, J. On Corstorphine Hill, near Edinburgh, p. 29.

„ Cadell, H. Notice of the Geological Features of the Upper
Coal Basin of the Firth of Forth, p. 39.

„ Tatloe, a. Suggestions for the Study of the Chemical Geology
of the Bathgate Hills, p. 73.

„ Tatlob, a. On unpublished sections illustrating the Superficial

Geology of the Northern District of Edinburgh, p. 77.

„ Lyon, G. Notice of Specimen of Lepidodendron, with cones

attached, from Corstorphine Hill, Edinburgh, p. 81.

„ Peach, C. W. On the discovery of Spirorbis carbonarius in the

Limestone of Burdiehouse, and of an Estheria in Camstone
Quarry, Arthur's Seat, p. 82.

„ Taylor, A. On sections made by the Drainage Operations in

the Pleasance, Edinburgh, illustrative of the Physical Struc-

ture of Salisbury Crags, p. 83.

,, Lyon, G. On a mass of Contorted Sandstone in Hunter's Bog,

p. 125.

„ SoMERVAiL, A. On the occurrence of Sanguinolites iridinoides

in the Carboniferous Limestone of Middleton, p. 130.

„ SoMERVAiL, A. On the occurrence of Spirifera ovalis in the

. Carboniferous Limestone of Midlothian, p. 13L
„ Shiells, E. T. Notice of Stratification underlying the site of

the Old Darien House, Edinburgh, p. 132.

„ Brown, D. J. On Local Glaciation in the Pentland Hills, p. 133.

„ SoMERVAiL, A. On the occurrence of Strepsodus and Rhizodopsis

in the Upper Coal Measures of Edmonstone, Midlothian, p. 137.

„ Henderson, J. On the Fossils found in the rocks underlying

the South Side of Edinburgh, p. 138.

„ Henderson, J. Notice of a fault in the Carboniferous Eooks on
the Water of Leith, above Currie ; with some Observations on
the Geology of the District, p. 144.



422 Appendix.

1869-74. Henderson, J. On the evidence of the existence of aii old

River Course previous to the deposition of the Boulder Clay,

at the Water of Leith, ahove Colinton, p. 196.

„ Lyon, G. The Geology of Edinburgh and its Suburbs. Part I.,

Igneous Rocks, pp. 201-205; Part II., Aqueous Rocks, pp.

209-214.

„ Lyon, G. Discovery of a New Fossil Tree in Craigleith Quarry,

Edinburgh, p. 219.

,, Etheeidge, R., JuNR. Note on the Shells, contained in the Shell

Marl of the Alluvial Deposits of the Meadows, Edinburgh, p. 223.

, , Richardson, R. Note of Borings for the Foundation of St. Mary's
Cathedral, West End of Melville Street, Edinburgh, p. 224.

„ Etheridgb, R., Junk. On the Occurrence of Foraminifera
(Sacoammina Garteri, Brady) in the Carboniferous Limestone
Series of the East of Scotland, p. 225.

„ Panton, G. a. Note of a Striated and Water-Worn Cliff at

Blackford Hill,near Edinburgh, and on a sandhill there, p. 238.

„ Etheridge, R., June. Notice of Additional Species of Fossils

from the Upper Silurian Series of the Pentland Hills, p. 309.

„ Etheridge, R., June. On the Remains of Pterygotus, and other

Crustaceans, from the Upper Silurian Series of the Pentland
Hills, p. 314.

„ Milne-Home, D. Notice of a Striated Boulder lately found in

a Sandpit at Tynecastle, near Edinburgh, p. 347.

„ Brown, D. J. On some of the Glacial Phenomena of the Neigh-
bourhood of Edinburgh, as observed in the Pentlands, Blackford
Hill, Bruntsfield Links and Tynecastle Sandpit, p. 351.

„ Richardson, R. Notice of a Section in the Building Excava-
tions at Tynecastle, West End, Edinburgh, p. 358.

,, Henderson, J. On Glacial Phenomena in the Pentland Hills

;

and at Tynecastle, near Edinburgh, p. 360.

Henderson, J. On some Silurian Fossils found in the Pent-

land Hills, p. 373.

,, Lapworth, C. Notes on the Graptolites discovered by J. Hender-
son in the Silurian Shales of Habbie's Howe, Pentland Hills,

pp. 375 and 389.

„ Brown, D. J. On the Silurian Rocks of the South of Scotland,

Part III.—Wenlock and Ludlow Rocks, p. 377.

„ Milne-Home, D. On a new theory for the formation of Till or

Boulder Clay, p. 383.

„ Henderson, J. Notes on some Fossils from the Conglomerate

at Habbie's Howe, Logan Burn, near Edinburgh, p. 389.

„ Henderson, J. On some sections of Boulder Clay, Peat, and
Stratified Beds, exposed in a Quarry recently opened at Red-
hall, Slateford, near Edinburgh, p. 391.

, , Galletly, J. Analysis of a Lepidodendroid Plant from the shale of

West Calder; with Remarks on the Formation of Coal, p. 395.

1874. Geikie, J. The Great Ice Age, pp. 265-267, etc. Lond., 8vo.

1874. Geikie, J. The Spar Caves of the North Bridge. Nature, vol. x.

p. 10.

1874. Brady, G.S., Rev. H. W. Crosskey and D. Robertson. A Mono-
graph of the Post-Tertiary Entomostraca of Scotland. Palaeonto-

graphical Soc, p. 74.
1874. Allport, S. On the Microscopic Structure and Composition of

British Carboniferous Dolerites. Quart. Journ. Geol. Soc, vol.

XXX. p, 553, and abstract, Geol. Mag., vol. xi. p. 424.



Bibliographical. 423

1875. Traquair, K. H. On some Fossil Fishes from the Neighbourhood of

Edinburgh. Ann. ^ Mag: Nat. Hist., ser. iv. vol. xv. p. 258.
1875. Christison, Sib K. Supplementary notice of the Fossil Trees of

Craigleith. Proc. Roy. Soe. Edin., vol. viii. p. 241.
1875. Christison, Sir E. Note on the Submerged Fossil Trees of

Granton Quarry. Proc. Roy. Soc. Edin., vol. viii. p. 377.
1875. JuDD, J. W. On the Structure and Age of Arthur's Seat, Edin-

burgh. Quart. Journ. Geol. Soc, vol. xxxi. p. 131.
1875. MiALL, L. C. On the Structure of the Skull of Ehizodus. Quart.

Journ. Geol. Soc, vol. xxxi. p. 624.

1875. Etheridge, E., Junr. Observations on some Carboniferous Polyzoa.
Proe. Geol. Assoc, vol. iv. p. 116.

1873-76. Proceedings Botanical Society of Edinburgh, vol. xii.

,, Etheridge, E., June. Note on the further Discovery of a species

of Pothocites (Paterson), in the Lower Carboniferous Eocks near
West Calder, p. 151.

„ Etheridge, E., June. On a new locality for Pothocites (Paterson),

p. 162.

„ Peach, C. W. Notes on some Fossil Plants from the Shales of
West Calder, p. 162.

,, Christison, Sir E. Notice of a Pinaceous Fossil recently found
in Eedhall Quarry, near Edinburgh, p. 167.

,, Balfour, I. B. Eemarks on the Fossils exhibited by Mr. Peach
at the May meeting, and which seem to belong to the Genus
Staphylopteris of Lesquereux, p. 176.

,, Peach, C. W. Eemarks on specimens of Ulodendron and Halonia,
collected by Messrs. Galletly and Lumsden, near West Calder,

p. 174.

,, Peach, C. W. Eemarks on some specimens of fossil plants from
West Calder, p. 187.

,, Etheridge, E., Junb. Note on the Geological range of Adiantites
lindsatformis, Bunbury, p. 229.

1876. Milne-Home, D. On the Supposed Upheaval of Scotland in its

central parts since the time of the Eoman occupation. Trans.

Roy, Soc. Edin., vol. xxvii. p. 39.

1876. Christison, Sir E. Notice of Fossil Trees recently discovered in

Craigleith Quarry, near Edinburgh. Trans. Roy. Soc. Edin.,

vol. xxvii. pp. 203 and 220.

1876. Etheridge, E., June. On the Occurrence of the Genus Astrocrinites

(Austin), in the Scotch Carboniferous Limestone Series ; with the

description of a new species (A.l Benniei), and remarks on the
Genus. Quart. Journ. Geol. Soc, vol. xxxii. p. 103.

1876. Etheridge, E., Junr. On an adherent form of Productus and a

small Spiriferina from the Lower Carboniferous Limestone Group
of the East of Scotland. Qibart. Journ. Geol. Soc, vol. xxxii.

p. 454.

1876. Bennie, J. Note on the Eange of Saccammina Carteri in the Car-

boniferous Series. Geol. Mag., Dec. 2, vol. iii. p. 47.

1876. Young, J., and J. Young. New Species of Glauconome from
Carboniferous Limestone Strata of the East of Scotland. Proc
Nat. Hist. Soc Glasg., vol. ii. p. 258.

1877. Peach, C. W. On Circinate Vernation of Sphenopteris afflnis from
the earliest stage to completion and on the discovery of Staphy-

lopteris, a Genus new to British Eocks. Brit. Assoc Rep.,

Glasgow Meeting, 1876, p. 94.



424 Appendix.

1877. Etheridge, E., June. Notes on the Carboniferous Pblyzoa. Ann. Sf

Mag. Nat. Hist., ser. iv. vol. xx. p. 30.

1877. Nicholson, H. A., and R. Etheridge, Junr. Contributions to

Micro-Palseontology. 1. On the Genus Tetradium, Dana, and on

a British species of the same. Ann. ^ Mag. Nat. Hist, ser. iv.

vol. XX. p. 161.

1877. Teaquair, E. H. The Ganoid Fishes of the British Carboniferous

Eormations. Part I., Palfflonisoidse, pp. 1-60, plates i.-vii.

Palasontographical Society, vol. for 1877.

1877. Ethekidgb, R., June. Further contributions to British Carboniferous

Palaeontology, Lamellibranohiata. Oeol. Mag., Dec. 2, vol. iv.

p. 241.

1877. Ethekidge, E., June. Palaeontological Notes (Spirorbis, etc.). Ibid.

p. 318.

1878. Teaqtiaie, E. H. On new and little-knovra Fishes from the Edin-

burgh District. Proc. Soy. Soe. Edin., vol. ix. p. 262, and Geol.

Mag., 1877, Dec. 2, vol. iv. p. 173.

1878. Etheeidge, E., June. Palseontological Notes (Pentremites, etc.).

Geol. Mag., Dec. 2, vol. v., pp. 117 and 269.

1878. Fourth Eeport of Boulder Committee. Proc. Roy. Soc. Edin.,

vol. ix. Craiglockhart Hill, p. 683. Leith Docks, p. 684.

Tynecastle, p. 688.

1878. Etheeidge, E., June. On our present knowledge of the Invertebrate

Fauna of the Lower Carboniferous or Calciferous Sandstone Series

of the Edinburgh Neighbourhood, especially of that division

known as the Wardie Shales ; and on the First Appearance of

certain Species in these Beds. Quart. Journ. Geol. Soc, vol.

xxxiv. p. 1.

1878. Peach, C. W. On the Circinate Vernation and Fructification and

varieties of Sphenopteris afinis and on Staphylopteris Peachii of

Etheridge and Balfour, a genus of plants new to British beds.

Quart. Journ. Geol. Soc, vol. xxxiv. p. 131.

_ 1878. Tayloe, a. On the Comparative Ages of the English and Scottish

Coal-Fields, illustrated by the Geology of the Lothians and Fife,

and the Structure of Arthur's Seat. Proc. Geol. Assoc, vol. v.

p. 38.

1878. Bonnet, T. G. Notes on the Eelations of the Igneous Eocks of

Arthur's Seat. Proc. Geol. Assoc, vol. v. p. 500.

1878. EicHAEDSON, E. The County of Edinburgh, its Geology, Agri-

culture, and Meteorology. (Edin., A. & C. Black,)

1878. Etheridge, E., June. Note on Fossil Corals from the Conglomerate

of Habbie's Howe, Pentlands. Proc Boy. Phys. Soc Edin.,

vol. iv. p. 50.

1878. Grieve, D. Note - relative to the Bed of the South Esk Eiver at

Newbattle, in connection with Fossils found there. Proc Roy.

Phys. Soc. Edin., vol. iv.p. 57. •

'

1878. Grieve, D. Notice of some Remarkable Remains of" Bhizodus

(bones, scales, and teeth) recently discovered at. Gilmerton, by
Mr. Robert Tervet. i?)id p. 133.

1878. Etheeidge, R., June. On the G«nus Palcecis and the Species occur-

ring in British Carboniferous Rocks. Ann. 6f Mag. Nat. Hist,

ser. V. vol. i. p. 206.

1879. Peach, C. W. On Fossil Plants from the Calciferous Sandstone
around Edinburgh and Burntisland. Trans. Edin. Bot. Soc,
vol. xiii. p. 46.

1879. Etheridge, R., June. Notes on Carboniferous Mollusca. Geol.

Mag., Dec. 2, vol. iii. p. 150.



Bibliographical. 425

1879. Etheridge, R., Junr. On the Occurrence of a small and new
Phyllopod Crustacean referable to tlie Genus Leaia in the

Lower Carboniferous Rooks of the Edinburgh Neighbourhood.
Ann. ^ Mag. Nat. Hist., ser. v. vol. iii. p. 257.

1879. Ethebidge, R , Junr. On the Occurrence of the Genus Dithyrocaris

in the Lower Carboniferous or Calciferous Sandstones of Scotland

and on a second species of Anthrapalxinon in these beds. Quart.

Journ. Geol. Soc, vol. xxxv. p. 464.

1879. Geikie, Sib A. On the Old Red Sandstone of AVestern Europe.

Trans. Edin. Roy. Soe., vol. xxviii, p. 345.

1874-80. Transactions Edinburgh Geological Society, vol. iii.

,, Henderson, J. On the Wardie and Granton Series of Sand-
stones and Shales, p. 24.

,, Richardson, R. On Phenomena of Glaciation exhibited by the

Rocks of Corstorphine Hill, near Edinburgh, p. 31.

Smith, T. On the Occurrence of Chalk Elints, Nodules and
Greenstone Boulders in the Post-Pliocene Sands (stratified) of

Marionville, Edinburgh, p. 50.

„ Davidson, T., and A. Somebvail. Catalogue of the Brachiopoda

of the Lothians and Fife. Prepared by the Society's Lothians

and Fife Palaeontological Committee, p. 68.

,, Richardson, R. Note on a Striated Erratic recently exposed at

Granton with observations for the requisites for determining

the parent rocks of Erratics, p. 109.

,, Taylor, A. On Metamorphism and Vulcanicity, as displayed by
the rocks of the Edinburgh district suggested by Mr. Kinahan's

paper on the Irish beds, p. 135.

,, Somebvail, A. Observations on the Higher Summits of the

Pentland Hills, p. 191.

,, Henderson, J. On the Structure and Arrangement of the rocks

of Arthur's Seat, p. 222.

„ Taylor, A. Notes on the Petrology of Arthur's Seat, p. 264.

,, Taylor, A. On the Crag Structure, as illustrated on the southern

slopes of the Queen's Park, p. 279.

„ Macadam, W. I. On the Chemical Composition of certain rocks

from Salisbury Crags, Edinburgh, p. 288.

„ Stock, T. Note on a Section recently exposed near Straiton, p. 294.

,, Cadell, H. M. The Volcanic Rocks of Borrowstounness Coal

Field, p. 304.

„ Thompson, D'Arcy W. Notes on Ulodendron and Halonia, p. 341

.

„ Henderson, J. On some recently discovered Fossiliferous Beds
in the Silurian Rocks of the Pentland Hills, p. 353.

1880. Geikie, Sib A.. On the Carboniferous Volcanic Rocks of the

basin of the Firth of Forth—their Structure. in the Field and
under the Microscope. Trans. Roy. Soc. Edin., vol. xxix. p. 437.

1880. Tkaquaie, R. H. On the Structure and Affinities of the Platy-

somidse. Trans. Roy. Soc. Edin., vol. xxix. p. 343.'

1880. Ethebidge, R., Junb. A contribution to the study of the British

Carboniferous Tubicolar Annelids. Geol. Mag., Dec. 2, vol. vii.

p. 258.

1880. Traquair, R. H. Fossil Fishes from the Edinburghshire and Lin-

lithgowshire Oil Shales. Proc. Roy. Phys. Soc. Edin., vol. v.

p. 113.

1880. Traquair, R. H. Evidence as to the Predaceous Habits of the

larger Palseoniscidse, Proe. Roy. Phys. Soc. Edin., vol. v. p, 128.



426 Appendix.

1880, Tbaquaib, R H. Presidential address. History of Eesearch among
the Fossil Fishes of Scotland. Proe. Hoy. Phys. Soc. Edin.,

vol. V. p. 137, and Nature, 1880, p. 428.

1880. Fifth Report of the Boulder Committee. Proc. Roy. Soc. Edin.,

vol. X. (1) Observations on Boulders and Drift on the Pentland
Hills, by A. Somervail, p. 186. (2) Notes on Drift and Glacial

Phenomena on the Pentland Hills, by J. Henderson, p. 187.

With Map of N.E. portion of Pentland Hills, and notes by the

convener.

1880. Sixth Eeport of the Boulder Committee. Proc. Roy. Soc. Edin.,

vol. X. East and Mid-Lothian, p. 599.

1881. Peach, B. N. On some new Species of Fossil Scorpions from the

Carboniferous Eocks of Scotland and the English Borders, with a

Eeview of the Genera Eoscorpius and Mazonia of Messrs. Meek
and Worthen. Trans. Roy. Soc. Edin., vol. xxx. p. 397.

1881. Carpenter, P. H., and E. Etheeidge, June. Contributions to the

study of the British Palseozoic Crinoids. No. 1, on Allagecrinus,

the Eepresentative of a new Family from the Carboniferous

Limestone series of Scotland. Ann. Sf Mag. Nat. Hist., ser. v.

vol. vii. p. 281.

1881. Stock, T. Note on Wardichthys cyclosoma, Traq. Ann, ^ Mag.
Nat. Hist., ser. v. vol. vii. p. 490.

1881. Traquair, E. H. Notice of New Fish Eemains from the Black
Band Ironstone of Boroughlee, near Edinburgh (No. 1).

Geol, Mag., vol. xviii. p. 34. Correspondence, p. 334 ; No. 2,

p. 491.

1881. Stock, T. On some British Specimens of the " Kammplatten " or
" Kammleisten " of Prof. Fritsch. Ann. Sf Mag. Nat. Hist.,

ser. V. vol. viii. p. 90.

1881. Etheridgb, E., Junb. On the presence of the scattered Skeletal

remains of Holothuridea in the Carboniferous Limestone series

of Scotland. Proc. Edin. Roy. Phys. Soc, vol. vi. p. 183.

1881. Jones, T. E. Notes on some Palaeozoic bivalved EntomoBtraca.

Geol. Mag., Dec. 2, vol. viii. p. 337.

1882, KiDSTON, E. On the Affinities of the Genus Pothocites, Paterson.

Ann. 4r Mag. Nat. Hist, ser. v. vol. x. p. 404.

1882. Stock, T. Further observations on Kammplatten and note on
CtenoptycMus pectinatus, Agassiz. Ann. S/- Mag. Nat. Hist., ser. v.

vol. ix. p. 253.

1882. Teaquaie, E.H. Notice of New Fish Eemains from the Black Band
Ironstone of Boroughlee, near Edinburgh (No. 3). Geol. Mag.,

vol. xix. p. 540.

1880-83. Transactions of the Edinburgh Geological Society, vol. iv.

„ Henderson, J. Notes of a bore section at Abbeyhill and its

relations to the rocks of Calton Hill, p, 34.

„ Stock, T. On the discovery of a nearly entire Rhizodue in the

Wardie Shales, p. 38. Also Geol. Mag., 1881, Dec. 2, vol.

viii. p. 77.

,, Stock, T, On the Occurrence of Anthrapalaemon Etheridgii, at

Craigleith Quarry, Edinburgh, p. 97.

„ Henderson, J. On some Marine beds underlying the Gilmerton
Limestone, p. 217.

„ Stock, T. Note on the Occurrence of the remains of Decapod
Crustaceans in the Wardie Shales, p. 219.

,, Cadell, H. M. The Surface Geology of the Estuary of the

Forth, p. 2, with Additional Notes to the same on p. 220.



Bibliographical. 427

1880-83 KiNNEAB, W. T., and W. Anderson. Notes on the Fossils of

the First Gilmerton Limestone, p. 299.

„ Taylob, a. Note on Boulders exposed at the new Cemetery,

Easter Eoad, p. 317.

,, Cadell, H. M. Fossiliferous Eocks of the Bo'ness Coal-Field,

p. 319.

Appendix B, Fossil Plants by E. Kidston.

Appendix C, Fossil Mollusca by J. Young.
Appendix D, Fossil Fishes.

1883. Stock, T. On the Structure and Aifinities of the Genus Tristychius,

Agassiz. Ann. ^ Mag. Nat. Hist, ser. v. vol. xii. p. 177.

1883. Kidston, E. On the Affinities of the Genus Pothocites, Paterson;

with the Description of a specimen from Glencartholm, Eskdale.

Ann. ^ Mag. Nat. Hist., ser. v. vol. xi. p. 297, and Tram, and
Proc. Bot. Soe. Edin., 1886, vol. xvi. p. 28.

1883. Etheeidgb, E., June. The Palaeozoic Conchology of Scotland. Proc.

Edin. Roy. Phys. Soc, vol. vii. p. 1.

1883. Gibson, J. An addition to the Fish Fauna of the Oil Shales of

Edinburghshire. Proc. Roy. Phys. Soc. Edin., vol. vii. p. 190.

1883. Kidston, R. On Sphenopleris crassa (Linley & Hutton). Proc.

Boy. Phys. Soc. Edin., vol. vii. p. 235, and Ann. jr Mag. Nat.

Hist., ser. v. vol. xi. p. 117.

1883. Bennie, J. On the Glaciated Summit of Allermuir, Pentlands.

Pj-oc. Roy. Phys. Soc. Edin., vol. vii. p. 307.

1883. Davidson, T. On Scottish Silurian Brachiopoda. Geol.Mag.,'Dec.2,

vol. X. p. 5.

1883. Etheridge, E., June., andP. H. Carpentee. Further remarks on the

Morphology of the Blastoidea, with description of a new British

Genus and some new Devonian Species from Spain. Ann. jr

Mag. Nat. Hist., ser. v. vol. xi. p. 225.

1883. HiNDE, G. J. Catalogue of the Fossil Sponges in the Geological

Department of the British Museum (Natural History), with
Descriptions of new and little known species. 4to, London.

1883. Traquaie, R. H. Notice of New Fish Eemains from the Black

Band Ironstone of Boroughlee, near Edinburgh (No, 4). Geol.

Mag., vol. x. p. 542.

1884. Teaqttair, E. H. Notes on the Genus Gyracanthus, Agassiz. Ann.

^ Mag. Nat. Hist., ser. v. vol. xiii, p. 37, and Proc. Roy. Phys.

Soc. Edin., vol. viii. p. 91.

1884. Jones, T. E. Notes on the Palaeozoic bivalved Entomostraca, No.

18, some species of the Entomididse. Ann. Sf Mag. Nat. Hist.,

ser. V. vol. xiv. p. 391.

1884. Kidston, E. On a new species of Lycopodites, Goldenherg (L. Stockii),

from the Calciferous Sandstone series. Ann. ^ Mag. Nat. Hist.,

vol. xiv. p. 111.

1884. Geikie, J. Note on the Occurrence of Drifted Trees in beds of

Sand and Gravel at Musselburgh. Proc. Roy. Soc. Edin., vol.

xii. p, 745.

1884. Tenth and Final Eeport of the Boulder Committee. Proc. Roy, Soc.

Edin., vol. xii. (Edinburgh) p. 840.

1884. Teaquaie, R. H. Notice of New Fish Eemains from the Black Band
Ironstone of Boroughlee, near Edinburgh (No. 5). Geol. Mag.,

Dec. 3, vol. i. p. 64.

1884. Teaquaie, E. H. Eemarks on the Genus Megalichthys, Agassiz,

with Description of a new species. Proc. Roy. Phys. Soc. Edin:,

vol. viii. p. 67, and Geol. Mag., Dec. 3, vol. i. p. 115.



428 Appendix.

1884. KiDSTON, E. On a new species of Schutzia from the Caloiferous

Sandstones of Scotland. Ann. ^ Mag. Nat. Hist., ser. v. vol., xiii.

p. 77, and Proc. Roy. Phys. Soc. Edin., vol. viii. p. 127 read 1883.

1885. MiLLEB, H. On Boulder Glaciation. Proe. Roy. Phys. Soc. Edin.,

vol. viii. p. 156.

1885. Wethkbbd, E. On the structure of English and American Carbon-
iferous Coals. Rep. Brit. Assoc, Montreal Meeting, 1884, p. 741,
and Geol. Mag., Dec. 3, vol. i. p. 515.

1885. Jones, T. K, and J. W. Kirkby. Notes on the Palaeozoic bivalved
Entomostraca (No. 19). On some Carboniferous species of the
Ostracodous Genus Kirkbya. Ann^ Nat. Hist., ser. v. voli xv.

p. 174.

•1885. KiDSTON, E. On the Eelationship of Ulodendron, Lindley and
Hutton, to Lepidodendron, Sternberg ; Bothrodendron, LLndley
and Hutton ; Sigillaria, Brongniart ; and Rhytidodendron, Boulay,
Ann. ^ Mag. Nat. Hist, vol. xvi. p. 123. Descriptions of

Specimens, pp. 162 and 239.

1886. Cadell, H. M. Eecent Advances in West Lothian Geology. Rep.
Brit. Assoc, Aberdeen Meeting, 1885, p. 1037.

1886. Teaquaie, B,. H. On Harpacanthus, a new genus of Carboniferous
selachian spines. Ann. ^ Mag. Nat. Hist., vol. xviii. p. 493.

1887. Geikib, Sib A. The Scenery of Scotland viewed in connection
with its Physical Geology, 2nd ed.

1887. Steuaet, D. E. On the Occurrence of Petroleum in a Shale Mine at

Broxburn (with General Section of the Broxburn district). Journ.

Soc Chemical Industry, vol. vi. pp. 128-352.
1887. KiDSTON, E. On the Fructification of some Ferns from the

Carboniferous Formation. Trans. Roy. Soc Edin., vol. xxxiii.

p. 137.

1883-88. Transactions Edinburgh Geological Society, vol. v.

Taylob, a. On a Lacustrine Deposit near Holyrood, p. 44.

MiLNB-HoME, D. Diagram and Notice of a Greenstone Boulder
excavated in North Palmerston Place, Edinburgh, p. 54.

Hendeeson, J. On Eock Sections exposed in cutting for the

Suburban Eailway ; with Observations on the Geology of the

District around Edinburgh, p. 71.

Tay-loe, a. On a Section recently exposed at Marchmont Eoad,

p. 104.

Simpson, J. On Eeindeer and other Mammalian Bones discovered

by Mr. Macfie of Dreghorn in a Rock-Fissure at Green Craig,

Pentland Hills, p. 294.

Hendeeson, J. On Eeindeer and other Mammalian Eemains
from the Pentland Hills, p. 302.

Henderson, J. On Sands and Gravels, containing the remains

of drifted trees at Olive Bank, Musselburgh, and at Stock-

bridge, p. 350.

Henderson, J. On Sections exposed in making a drain through
the Queen's Park at Holyrood, p. 407.

1888. Pateiok, E. W. C. Early Records relating to Mining in Scotland.

4to, Edin.

1888. Johnston, J. A., and J. Lindsay. An Ancient Lak« Deposit in

Queen's Park. Trans. Edin. Field Nat. and Micro. Soc, vol. ii.

p. 135.

1888. Stechie, E. Contacterscheinungen an schottisohen olivindiabasen.

Tschermak's Mineralog. Mittheil., vol. ix. p. 145.



Bibliografhical. 429

1888. Young, J. Notes on the Carboniferous Brachiopoda of Scotland,

with a revised list of the Genera and Species. Trans. Geol. Soc.

Glasgoio, vol. viii. p. 143.

1888. Bennie, J., and E. Kidstojij. On the Occurrence of Spores in the

Carboniferous Formation of Scotland. Proc. Roy. Phys. Soc.

Edin., vol. ix. p. 82.

1888. Traqtjaie, R. H. Notes on Carboniferous Selachii. Proa. Roy. Phys.
Soc. Edin., -vol. ix. p. 412.

1888. Bennie, J. On the Prevalence of Eurypterid Remains in the
'

\ . Carboniferous shales of Scotland. Proc. Roy. Phys. Soc. Edin.,

vol. ix. p. 499.

1888. Teall, J. J. H. British Petrography. 8vo, Lond. Arthur's Seat,

pp. 187-188. Calton Hill, 187. Corstorphine Hill, 190. Craig-

lockhart Hill, 187, 193. Crossall Hill, Dalmeny, 192. Dalmahoy
Hill, 190. Dunsapie Loch, 188. Hound Point, 193. Inchcolm,

81, 94, 103. Inchkeith, 209. Ratho, 163, 190. Salisbury Crags,

189, 193.

1881-90. Traquair, R. H. Notice of New Fish Remains from the Black

Band Ironstone of Boroughlee, near Edinburgh.

1881. Geol. Mag., vol. xviii. pp. 34 and 334. No, 1.

1881. „ „ vol. xviii. p. 491. No. 2.

1882. „ „ vol. xix. p. 540. No. 3.

1883. „ „ vol. XX. p. 542. No. 4.

1884. „ „ vol. xxi. p. 64. No. 5.

1890. „ „ vol. vii. p. 249. No. 6.

1890. KiDSTON, R. Additional Notes on some British Carboniferous

Lycopods. Proc. Roy. Phys. Soc. Edin., vol. x. p. 88, and Ann.

^ Mag. Nat. Hist., vol. iv. (ser. vi.) p. 60.

1890. KiDSTON, R. Notes on the Palseozoic species mentioned in Lindley

and Hutton's "Fossil Flora." Proc. Roy. Phys. Soc. Edin.,

vol. X. p. 345.

1890. Ltdekker, E. On two new species of Labyrinthodonts (Mac-
eromerium scoticum, from GOmerton). Quart. Journ. Geol. Soc,

vol. xlvi. p. 289.

1890. Woodwaed, a. S., and D. C. Sheeborn. Catalogue of British

Vertebrata, supplement for 1890.

1890. Traquair, R. H. On a new species of Gyrancanthus. Ann. ^
Mag. Nat. Hist., vol. vi., sixth series, p. 417.

1890. Traquair, R. H. List of the Fossil Dipnoi and Ganoidei of Fife

and the Lothians. Proc. Roy. Soc. Edin., vol. xvii. p. 385.

1890. Geikie, Sir A. The History of Volcanic Action during the Tertiary

Period in the British Isles. Trans. Boy. Soc Edin., vol. xxxv. p.- 21.

1890. KiDSTON, E. On Neuropteris plicata, Sternb. and Neuroptms
reetinervis, Kidston, n. sp. Trans. Roy. Soc Edin., vol. xxxv.

p. 313.

1891. Bennie, J., and T. Scott. The Ancient Lakes of Edinburgh. Proc.

Roy. Phys. Soc Edin., vol. x. p. 126.

1891. Bennie, J. On a recent exposure of a "Washout" of Strata in

New Redhall Quarry. Proc. Roy. Phys. Soc. Edin., vol. x. p. 392.

1892. Reid, C. Fossil Arctic Plants found near Edinburgh. Geol. Mag.,
Dec. 3, vol. ix. p. 467.

1892.. Bennie, J., and A. Scott. The Raised Sea-Bottom of Fillyside

—Researches in 1869-70 and 1888 ; with lists of the MoUusca,
by A. Scott. Proc Roy. Phys. Soc. Edin., vol. xi. p. 215.

1892.' Evans, W. The Mammalian Fauna of the Edinburgh District with
records of occurrences of the rarer species throughout the south-

east of Scotland generally, p. 120, 8vo, Edin,



430 Appendix.

r892. MooBE, R. T. The Mineral Oil Industry of Scotland. Federated

Institution of Mining Engineers, vol. iv. p. 36.

1892. Geikie, Sir A. Anniversary Address of the President (History of

Volcanic Action in the British Isles from Devonian to Tertiary

Times). Quart. Journ. Geol. Sac, vol. xlviii. p. 60.

1892. Johnston, J. A. Craigmillar and its Environs, by T. Speedy;
Geological Features, by J. A. Johnston, pp. 152-162.

1888-93. Transactions Edinburgh Geological Society, vol. vi.

„ Henderson, J. On the Succession of the Lower Carboniferous

Series to the West of Edinburgh, with special reference to the

District around Cramond, p. 29.

„ Nicholson, H. A. Address on recent progress in Palseontology

as regards invertebrate animals, p. 53.

., Cadell, H. M. Plant Remains in Olivine Basalt in the Bo'ness

Goal-Field, p. 191. Reprinted in Geol. Mag., 1907, Dec. 5,

vol. iv. p. 219.

„ Craig, G. On Building Stones used in Edinburgh ; their Geo-
logical Sources, Relative Durability, and other Characteristics,

p. 254.

„ Cadell, H. M. Geological Changes wrought by Man within the

Forth Basin, p. 275.

,, Cadell, H. M. A Map of the Ancient Lakes of Edinburgh,
ibid. p. 287, and with some modifications under the title,

" Some Ancient Landmarks of Midlothian," in Scot. Geogr.

Mag., vol. ix. p. 302.

„ Henderson, J. On Sections Exposed on the Line of the Barnton
Railway, p. 297.

,, GooDCHii;D, J. G. Note on the Minerals observed in the Railway
Cutting at Barnton, near Edinburgh, p. 301.

1893. Henderson, J. The Geology of Liberton, it being Chapter XIV. of

Liberton in Ancient and Modern Times, by G. Good. 4to, Edin.

1893. KiDSTON, R. On Lepidophloios and on the British Species of the

Genus. Trans. Boy. Soc. Edin., vol. xxxvii. p. 529.

1893. Chesneau, G. L'Industrie Des Huiles De Schiste en France et en

i^cosse. Annales des Mines, vol. iii. p. 617, and Proc. Inst. Civil

Eng., vol. iv. p. 53.

1893. Laurie, M. On some Eurypterid Remains from the Upper Silurian

Rocks of the Pentland Hills. Trans. Roy. Soc. Edin., vol,

xxxvii. p. 151.

1893. Laurie, M. Additions to the Eurypterid Fauna of the Upper
Silurian. Eep. Brit. Assoc, Edinburgh Meeting, 1892, p. 724.

1893-94. Martin, R. The Midlothian Coal Basin. Trans. Federated Inst.

Min. Eng., vol vi. p. 388.

1894. Bennie, J., and D. Robertson. The Raised Sea-Bottom of Fillyside,

with lists of Foraminifera and Ostracoda. Proc. Roy. Phys. Soc.

Edin., vol. xii. p. 26.

1894. KiDSTON, R. On the Various Divisions of British Carboniferous

Rocks as determined by their Fossil Flora. Proc. Roy. Phys. Soc.

Edin., vol. xii. pp. 183-257.

1894. KiDSTON, R. On some New Species of Fossil Plants from the

Lower Carboniferous Rocks of Scotland. Proc. Roy. Phys. Soc.

Edin., vol. xii. p. 258.

1894. Bennie, J., and J. A. Johnston. Remarks on two transverse

sections of Carboniferous Wood from Baberton New Quarry,

Midlothian. Proc. Roy. Phys. Soc. Edin., vol. xii, p. 359.



Bibliographical. 431

1894. Cadell, H. M. The Oil-Shales of the Scottish Carboniferous

System, Journal of Geology, vol. ii. p. 243.

1894. Geikib, J. Great Ice Age, 3rd ed. (Eedhall), pp. 100-101.

1894. MoNCKTON, H. W. On a Picrite and other associated Eocks at

Barnton, near Edinburgh. Quart. Journ. Geol. Soc, vol. 1. p. 39.

1894. Bennie, J. Arctic Plant Beds in the Old Lake Deposits of Scot-

land. Ami. Scot. Nat. Hist., No. 9, p. 46.

1895. Eeid, G. On Scottish interglacial deposits. Geol. Mag., Dec. 4,

vol. ii. p. 217.

1895. Donald, Miss J. Notes on the Genus Murchisonia and its Allies;

with a revision of the British Carboniferous Species, and de-

scriptions of some new forms. Quart. Journ. Geol. Soc, vol. Ii.

p. 210.

1896. Bennie, J. Arctic Plant Beds in Scotland. Ann. Scot. Nat. Hist,

No. 17, p. 53.

1897. GooDCHiLD, J. G. An Outline of the Geological History of the

Eocks around Edinburgh. Proc. Geol. Assoc, vol. xv. p. 117.

1897. Hbdslee, F. Composition of Scotch Shale Oils. A contribution

to the theory of the Formation of Tar. Journ. Soc. GJiem.

Industry, vol. xvii. p. 37.

1897. Gbikie, Sib A. The Ancient Volcanoes of Great Britain. 2 vols.

Lond.

Vol. i. pp. 317-325, The Pentland Volcano.

384-390, Bedded Lavas and Tuffs.

443-446, „ „ „ „
449-453, „ „ „ „
455-456, „ „ „ „
458-461, „ „ „ „
462-474, The Puys of the Basin of the Forth.

1897. Traquair, E. H. The Hardie Collection of Fossils. Ann. Scot.

Nat. Hist., vol. vi. p. 226.

1898. Donald, Miss J. Observations on the Genus Aclisina with descrip-

tions of British Species, and of some other Carboniferous Gastero-

poda. Quart. Journ. Geol. Soc, vol. liv. p. 45.

1898. Cadell, H. M. Submarine Coal Mining at Bridgeness. Trans.

Inst. Min. Engrs., vol. xiv. pp. 237-253.

1898. Bennie, J. Note on a Microscopic Slice of the Core of the Dal-

meny Lepidophloios. Trans. Geol. Soc. Glasg., vol. xi. p. 263.

1893-99. Transactions Edinburgh Geological Society, vol. vii.

„ Cadell, H. M. The New Geological Map of the Edinburgh
District, p. 15.

,, EioHAEDSON, E. Old Edinburgh Geologists, p. 81.

,, Cadell, H. M. Notes on the Section in the New Haymarket
Tunnel, p. 119.

„ GooDCHiLD, J. G. Some of the Modes of Origin of Oil Shales,

with Eemarks upon the Geological History of some other

Hydrocarbon Compounds, p. 121.

Henderson, J. On the Calton Hill and its relation to the Eocks

in the Neighbourhood, p. 139.

Cadell, H. M. Note on the Occurrence of Vivianite in an Old
Lake Bed at Cauldhame, near Linlithgow, p. 173.

Brown, C. On the Occurrence of Gasteropods (Platyostomella

Scoto - burdigalensis) in a Lepidodendron from Craigleith

Quarry, Edinburgh, p. 244.

„ GooDCHiLD, J. G. Notes on a Borehole through the Eocks of

the Calton Hill, p. 259.



432 Appendix.

1893-99. GooDOHiLD, J. G. Geological Notes on the Excavations at the

Leith Dock Extension, 1897, p. 312.

„ GuNN, W. Notes on the Correlation of the Lower CarboniferouB

Rocks of England and Scotland, p. 361.

„ Cadell, H. M. On an Ash Neck in the Broxburn Shale Work-
ings at Phihpstoun, p. 477.

,, Flett, J. S. On Phenocrysts of Micropegmatite. (Felsite of

Black Hill, Pentlands, described), p. 483.

1898-99. Geikie, Sib A. Summary of Progress of the Geological Survey
for the years 1897 and 1898—1897, p. 79 (Downtonian Fishes);

. 1898, p. 131 (Scotsman Office Excavation, Edinburgh).
1899. Traqtjaib, E. H., M. Laurie and T. E. Jones. Final report of

.. the Committee on the Eurypterid-bearing rocks of the Pentland
Hills. Rep. Brit. Assoc, for 1898, p. 557.

1899. Peach, B. N., and J. Hoene. Memoirs of the Geological Survey.
The Silurian Eocks of Britain. Vol. I., Scotland ; Chapter
XXV., Upper Silurian Eocks of the Pentland Hills, pp. 589-
605, etc.

1899. Jones, T. E., and H. Woodward. Contributions to Fossil
Crustacea (Hibbertia orbicularis from Burdiehouse Figured and
Described). Geol. Mag., Dec. 4, vol. vi. p. 390, and British
Palcsozoic Phyllopoda (Phyllocarida) Palseontographical Soc,
p. 205.

1899. Ekid, Clement. The Origin of the British Flora. [Contains many
references to Edinburgh Post - Tertiary Geology.] London,
Dulau & Co.

1899. Scott, D. H. On the Primary Wood of certain Araucarioxylons.
Ann. of Botany, vol. xiii. p. 615.

1899. .Seward, A. C, and A. W. Hill. On a Lepidodendron from the
Calciferous Sandstone of Scotland. Proe. Phil. Soe. Cambridge,
vol. X. pt. i. p. 38.

1900. Laurie, M. On a Silurian Scorpion and some additional Eurypterid
remains fron; the Pentland Hills. Trans. Roy. Soc. Edin., vol.

xxxix. p. 575.

1900. Traquair, E. H. Eeport on Fossil Fishes collected by the Geological

Survey of Scotland in the Silurian Eocks of the South of Scotland.

Trans. Roy. Soc. Edin., vol. xxxix. p. 827.

1900. Seward, A. C, and A. W. Hill. On the Structure and Affinities

of a Lepidodendroid Stem from the Calciferous Sandstone of

Dalmeny, Scotland, possibly identical with Lepidophloios Har-
courtii (Witham). Trans. Roy. Soc. Edin., vol. xxxix. p. 907.

1901. Geikie, Sir A. The Scenery of Scotland viewed in connection

with its Physical Geology, 3rd ed. Macmillan & Co., Lond.
(Part IV. The Midland Valley.) [1st ed. 1865.]

1901. Traquair, E. H. The Ganoid Fishes of the British Carboniferous
Formations, Part I., Paleeoniscidse, pp. 61-87, plates viii.-xviii.

Palseontographical Society, vol. for 1901.

1902. GooDCHiLD, J. G. The Lower Carboniferous Eocks of Northern
Britain. Trans. Geol. Soc. Olasg., vol. xii. p. 16.

1902. Scott, D. H. On the Primary Structure of certain Palseozoic Stems
with the Dadoxylon Type of Wood. Trans. Roy. Soc. Edin.,
vol. xl. p. 331.

1902. EiCHARDSON, E. The Physiography of Edinburgh. Scot. Geogr.
Mag., vol. xviii. p. 337.

.1902. Cadell, HM.. The Oil-Shale Fields of the Lothians. Trans.
Inst. Min. Eng., vol. xxii. pp. 314-371.



Bibliographical. 433

1902. Cadell, H. M. The Carboniferous Limestone Coal-Fields of West
Lothian. Trans. Inst. Min. Eng., vol. xxii. pp. 372-40L

1903. Teaquair, E. H. On the Distribution of Fossil Fish Eemains in

the Carboniferous Eooks of the Edinburgh District. Trans.

Roy. Soe. Edin., vol. xl. p. 687.
1904. Benson, M. Telangiuni Scotti, a new Species of Telangium (Calym-

matotheca) showing structure. Ann. of Botany, vol. xviii. p. 161.

1902-05. Teall, J. J. H. Summary of Progress of the Geological Survey
for the years 1901 to 1905. For 1902, p. 115; for 1903, pp. 4,

65, 95, 98, 118; for 1904, pp. 89, 90, 123.

1905. Zalesskt, M. tjber Friichte aus den IJntercarbon—Ablagerungen
des Mstabeckens in JS'ord—Eussland. Bull. Acad. Invp&r. d.

Sciences de St. Petersburg, vol. xxii. No. 3, pp. 113-120.
1905. Peach, B. N., and J. Horne. The Base-line of the Carboniferous

System round Edinburgh. Brit. Assoc. Rep., Cambridge Meeting,

1904, p. 546.

1905. Traquair, E. H. Note on the Fish Eemains recently collected by
the Geological Survey of Scotland at Salisbury Crags, Craigmillar,

Clubbiedean Eeservoir and Torduff Eeservoir, in the Edinburgh
District. Ibid. p. 547.

1905. Falconer, J. D. The Igneous Geology of the Bathgate and
Linlithgow Hills. With a map. Trans. Roy. Soc. Edin., vol. xli.

p. 359.

1905. Final Eeport of the Eoyal Commission on Coal Supplies, Part X.

Minutes of Evidence.

1901-05. Transactions Edinburgh Geological Society, vol. vui.

GooDOHiLD, J. G. Haematite on Arthur's Seat, p. 1.

GooDCHiLD, J. G. Some Eecent Exposures of Eock in Edin-

burgh, p. 2.

KiRKBY, J. W. Note on the Ostracoda from the Scotsman Office

Section, p. 15.

Simpson, J., and D. Hepburn. On Mammalian Bones found
during Excavations at Hailes Quarry, near Edinburgh, p. 27.

Cadell, H. M. The Geology of the Oil-Shale Fields of the

Lothians (with a Geological Map of the Oil-Shale Fields of the

Lothians and Coal-Fields of Linlithgowshire, etc.), p. 116.

Cadell, H. M. Note on the Buried Eiver Channel of the

Almond, p. 194.

Hepburn, D. On the Association of Human Eemains with
those of the Eed Deer and the Ox in Hailes Quarry, Mid-
lothian, p. 197.

Strachan, J. Notes on some Agates from the Pentlands (Hill-

end), p. 220.

GooDCHiLD, J. G. Further Eemarks on some Eecent Exposures
of Eock in Edinburgh, p. 266.

Bailey, E. B., and D. Tait. On the Occurrence of True Coal

Measures at Port Seton, East Lothian, p. 351.

Crampton, C. B. The Limestones of Aberlady, Dunbar and St.

Monans, p. 374.

Martin, E. Coal Mining in the Musselburgh Coal-Field, p. 379.

1906. Cadell, H. M., J. S. G. Wilson, W. Caldwell, D. E. Steuart,
Mem. Geol. Survey. The Oil Shales of the Lothians.

1906. Falconer, J. D. The Igneous Geology of the Bathgate and
Linlithgow HUls, Part II. Trans. Eoy. Soc. Edin., vol. xlv,

p. 133,

z8



434 Appendix.

1907. Crampton, C. B., and T>. Tait. On certain New Localities for Oil-

Bearing Shale near Edinburgh. Trans. Edin. Geol. Soc, vol. ix.

p. 102.

1907. Campbell, E., and A. Stenhotjse. The Geology of Inchcolm.

Trans. Edin. Geol. Soc, vol. ix. p. 121.

1908. Kendall, R. F., and E. B. Bailey. The Glaciation of East Lothian

south of the Garleton Hills. Trans. Roy. Soc. Edin., vol. xlvi.

p. 1.

1908. Hind, W. On the Lamellibranch and Gasteropod Fauna found

in the Millstone Grit of Scotland. Trans. Roy. Soc. Edin.,

vol. xlvi. p. 331.

1909. Lee, G. W. On the Goniatite Bed, near Donibristle, Fife. Trans.

Edin. Geol. Soc, vol. ix. p. 142.

1909. Bailey, E. B., and G. W. Grabham. Albitization of Basic Plagio-

clase Felspars. Geol. Mag., Dec. 5, vol. vi. p. 250.

1909. Wilson, W., C. T. Clough, G. W. Lee, and D. Tait. The
Recently Exposed Section on the Railway Line, South-East of

Portobello, with comparisons. Trans. Edin. Geol. Soc, vol. ix.

p. 193.

1909. Campbell, A. C, and E. M. Anderson. Notes on a Transported
Mass of Igneous Rock at Comiston Sand-Pit, near Edinburgh.
Trans. Edin. Geol. Soc, vol. ix. p. 219.



INDEX

Abbeyhill Shales, 50, 74.

Abden Limestones, 80, 161, 170.

fish-bed, 161, 170, 171.

Addiewell, 93, 94, 95.

Area, 105-107.

MoMan deposits, 46.

Agassiz, 327.

Agglomerate, volcanic, 26, 62-71, 156-
158.

AiNSLlE, J., 182, 199.

AiTKEN, H., 352.

Alecks Coal, 218.

Allan, C. E., 171.

Allan, R., 287, 308.

Allans Coal, 232.

AUermuir, 327, 328.

group of basic andesites and basalts,

23, 24, 32, 33.

Allpoet, S., 287, 290, 291, 301, 316, 318.

Alluvial Terraces, 336.

Almond River, 87, 95, 107, 108, 111, 146,

336.

Preglacial channel of, 325.

Almondell, 87.

Alum shale, 350.

Amazondean Burn, 171, 173, 184, 185.

Ammonium sulphate, 351, 352.

Analcite basalts, 316, 320, 321.

Analcite olivine diabases, 289, 290, 293-
298 299

Analyses, Coal, 342, 343, 347.

Limestone, 353, 354, 355.

Rock, 34, 37, 39, 293, 299, 300, 308,

312, 323.

Shale, 341, 351.

Water, 365-367.
Anamesite, 318.

Ancient lakes, 332-334.
Anderson, E. M., 330.

Andesites, 33, 34.

acid, 24, 25.

augite, 33.

basic, 22-24.
• biotite, 35.

hornblende, 35.

Andrews Coal, 203, 204.

Aphanites, 306, 307.

Arctic seal, remains of, 335.

Arden Limestone, 136, 137, 138, 139-144,

232, 234.

Amiston, 159, 194.

Arniaton bores, 216, 217.

CoUiery, 222, 340.

Mains Area, 239-241.
Arthropods, fossil, 172, 173.

Arthur's Seat, 6, 319.

Arthur's Seat, intrusive rooks, 71, 72.

volcanic rocks, 50, 57-71, 287.

Ash, volcanic. See Tuff.

Atkinson, 352.

Auchencorth, 238.

Moss, 215.

OutUer of Coal Measures, 271-272.
Auchindinny Mains, 237.

Auohinoon, 277, 309, 314, 360.

Augite andesite. See Andesites.
Avon, River, 139, 140, 141, 142, 143, 150,

155, 156, 332.

Baad's Mill, 105.

Bailey, E. B., 293.

Bains Coal, 226.

Baikd, Messbs. W. & Co., 136.

Baird, Sir D., 199.

Balbardie Gas Coal, 120, 121, 123, 125,

126, 127, 345, 347.

Colliery, 345.

Bald, R., 47, 258, 338.

Balderston, 135.

Ballaggan beds. See Cementstone
Group.

Bank Head fault, 118, 119, 137.

Barnton picrite, 300, 301, 315.
Quarry, 360.

Barracks Shale, 97, 98, 100.

Barrs Coal, 260. See also Salters Coai.
Barytes, 352, 353.

Basalts, 22-24, 29-33, 83, 84.

of Craiglockhart type, 59, 60, 61,
73, 74, 75, 316, 318.

of Dalmeny type, 66, 72, 145, 147,
150, 154, 316, 317, 319, 320.

of Dunsapie type, 58, 59, 66, 67, 68,
71, 72, 316-318.

of Gallaston type, 149, 160, 151, 152,
317, 321, 322.

of Hillhouse tvpe, 148, 150, 316, 317,
320.

of Jedburgh type, 316, 321.
of Kilsyth type, 317, 321.

of Markle type, 59, 61, 62, 63, 73, 74,
316, 318, 319.

OUvine, 316-322.
Bathgate, 2, 104, 332.

Area, 107-111, 121-127,137-139.
Coal Group, 104, 117-136, 344-346.
district, clays of, 350.
fault, 121.

Hills, 104.

volcanic series, 53, 101, 102,
108-112, 115, 121-129, 137-140, 144-
156, 319, 321.

435



436 Index.

Bathgate Main Coal, 110, 124, 125, 126.

to Cooklerue, 145-149.

water 'supply of, 366.

'

Bavelaw Burn, 332.

Castle, 27, 45, 329.

Silurian inlier, 18.

Baxlew Coal, 199.

Bbaeh, Peoit. H., 357, 358.

Beattie Coal, 203, 205, 210, 213, 214, 215,

339.

Beefie Coal, 259, 262.

Beggar Coal, 230, 231, 340.

Bell's Hill, 26, 332.— Rhyolites, 23, 38, 39.

Bbnnie, J., 254, 267, 327, 329, 332, 333,
334, 369, 384, 407, 408, 409, 410.

Bibliography, 413-434.
Big SpUnt Coal, 196, 197.

Bilston Burn, 161, 163, 169, 176, 180,

181, 203, 236, 246, 247, 364.

Area, 180-184.

Limestone, 176-180, 183, 184.

Binns Hill, 157.

Biuny Craig, 328.

Sill, 283.

Binny Sandstone, 92, 97, 99, 100, 167,

168, 356-359.
Biotite Andesite, 35.

Bituminous cavities in dolerite, 100, 278,
279 283

Black' Chapel Coal, 196, 197, 200, 202,

207, 210, 211, 213, 339.

'

Black HiU, 17, 18, 26, 28, 40, 42, 332.

Black Hill (near E. Colzium), 84.

Black, W., 354.

Blaokband Ironstone, 108, 131, 134, 198,

199, 200, 211, 229, 341, 346.

Blackbird Coal, 218, 219, 229, 231.

Blackburn, 108.

picrite, 108, 280, 281, 299, 300, 301,
359.

Blackford Hill, 19, 25, 26, 44, 327, 332,
409.

andesite, 33, 34, 359, 360.

Blackness Area, 102, 103.

Limestone, 102, 103.

Blue Coal, 179, 196, 198, 200. See also

North Coal.

Boghead Colliery, 346.

Bonally, 45.

group of basalts and basic andesites,

22, 23.

reservoir, 362.
" Bone bed," 161, 162, 169-171, 173.

Bo'ness, 128-136, 141, 152, 336.

Coal Group, 104, 117-136. 344^346.
district, clays of, 350.

volcanic series, see Bathgate Hills.

water supply of, 366.

BONNEY, Pbof. T. G., 72.

Borough Lee Ironstone, 209.

Borough Loch, 333.

Borthwiok, 174, 175, 331.

Borf, Ami, 58, 280, 287, 309.

Boulder Qay, 328, 329.

Boyle, R., 293.

Brady, H. B., 369, 410.

Braid Hills, 2, 19, 332.

volcanic group, 24, 25, 36-38.
Braid Law, 22, 23, 27, 39.

Breich Water, 93-95, 106-108, 137.

Brick aay, 348-350.
Bridgeness, 130.

ColHery, 345.

Pier, 153.

Bristo Port Lake, 333.

Broomhills Farm, 169.

Broomieknowe, 267, 269.

sandstone, 35*?.

Broomyknowes, 145, 321.

to Linhthgow, 149, 150.

Broughton, 408.

Bbow.v, D. J., 4, 11, 13, 15.

Browns Coal, 202, 205. 210.

Brox Burn, 101, 157, 158.

Broxburn, 346.

Marls, 93, 95, 100.

Shale, 92, 93, 97, 100, 166-168, 350,
351.

SiU, 277, 278.

Brunstane, 254-255.
Brunstane Burn, 177, 246.

cross cut, 197, 286.

Coals, 255-258.
Brunston CoUiery, 213, 214.

Bryans SpKnt, 217-221, 224-226, 229,

231, 340, 343.

Bkyson, a., 287.

Building-stone, 141, 356-359.
from Northumberland, 357.

Burdiehouse Burn, 162, 163, 169, 178.

Limestone, 47, 82, 87, 89, 91, 92,
97-100, 164-168, 171-173, 353, 355.

Mains, 166.

Burghlee pit, 200, 339.

Burghmuir Bore, 115, 116, 281.

Busie Law, 34.

Buteland HiU, 321. i

Byres Quarry, 321.

Cadell, H. M., 49, 50, 110, 113, 118, 121,

123, 125, 126, 129, 130, 131, 132, 135,

152, 1.53, 154, 165, 157, 278, 282, 283,
324, 325, 344, 348, 366.

Cadell, Mb., 263.

Caerketton group of Rhyolites, 24, 38.

Cairn Hills, 42, 45, 46.

Calamites, 265.

Calciferous Sandstone Series, 5, 6, 47, 49,
.50.— of Edinburgh, Granton
and Colinton district, 54-79.

of IVEdlothian basin, 159—
175.

of Queensferrv, Broxburn,
and West Calder district, 80-103.

Calder fault, 81, 86, 87.

Calmy Limestone. See Arden.
Calpatie Coal, 202, 207.
Calton fault, 73.

HiU,'^58, 73-74, 318, 319, 322.

Camilty, 85.

• Hill, 86.

Campbell, A. C, 330.

Campbell, R., 53, 276, 280, 293,'299, 300,
313, 314.

Camstone Quarry Vent, 71.

Candle Coal, 198. i

Cannel Kr Coal, 203.

Capelaw Hill, 24.



Index. 437'

Caradoo strata, 10.

Carberry, 261.

Area, 242, 243.

Coalfield, 227-231.
Colliery, 228, 229, 231, 242, 340.

Garbonicola bands, 254, 257, 258, 260,
262, 268.

Carbomferoiis fossils, general list of,

384^05.
localities for, 373-383.

Limestone Series, 6.

of Cobbinshaw, Bathgate,
Bo'ness and Charlestown district, 104-
158.

of Midlothian basin,
176-243.

system, history of investigation of,

47-53.
Carcraig Island; 280, 288.

Carleton Coal, 179, 196, 198, 200, 203,
204, 342.

Carlopa Area, 171-174, 184-186.
Oil-Shale, 171, 172, 352.

Carnethy Volcanic Group, 25, 26, 32, 33.

Carribber Glen, 140, 308.

Quarry, 308.

Carriden, 113-115, 128-130, 151.

Colliery, 345.

limestones, 113-115, 151.

Carrington Area, 249-252.
Cabbuthers, E. G., 122.

Carsey Coal, 128.

Qarsie HiU, 112.

Castle HiU, 56.

Castle Eock, 72, 287, 319, 327.

Castleoary Limestone, 136-141, 143, 144,

232, 234-243.

Oil-Shale over, 137.

Castlelaw, 24, 35, 36, 38, 39.

Cauldhame, 158, 357.

Cementstone Group, 5, 6, 50, 53.

of Corston Hill district, 82-85.

of Edinburgh district, 54^57, 74.

Cephalopod Limestone, 169, 173.

Charlestown, 116, 117, 293.

Limestone, 115, 116, 354, 355.

CharUes Coal, 202, 207, 210.
Chert, 108, 109, 116.

China Coal, 119, 120, 123, 125, 346, 347.

aay Seam, 230, 231, 340, 348.

Clayknowes Coal, 259, 262.

Clifton Hall, 87.

Clotoh, C. T., 275.

Clubbiedean Eeservoir, 362.

Coal analyses, 342, 343, 347.^— coking, 344, 345.

Measures, 7, 159-161.

Marine horizon in, 263, 264.

of the Midlothian basin, 254^
274, 337-343.

output of, 337.

Coalfield south of SheriffhaU Fault, 265-
271.

Coates Bum, 237.

Cobbinshaw Area, 105-107.

Coal, 105, 345, 346.

CoUiery, 346.

Limestone, 105-107, 110, 111, 116,

117, 354.

Cochkan-Patriok, E. W., 231.

Cocklerue, 127, 139, 148, 283, 284.
to Linlithgow, 127, 139-141, 149,

150.

Coking Coal, 344, 345.

Cole, Pbof. G. A. J., 300, 317.
Colinton fault, 45, 54, 73, 74, 76.
Colzium, 84, 85.

Colzium Hill, 45.

Comiston, 330.
• water supply from, 361.

Conglomerate, 83.

basement, of Lower Old Eed Sand-
stone, 20-22.

of Upper Old Eed Sandstone,
43.

dyke, 98.

in Eoslin Sandstone Series, 247,
248.

Contact metamorphism, 277, 288, 313-
316.

Corbie Craig Coal (Gilmerton), 198, 200,
203-205, 210, 213-215, 339.

Corbie Craig Coal (Niddrie), 197.
Corbie Jewel Coal, 211, 339, 343.
Corbie Splint Coal, 203-205, 210, 211,

339, 343.

Corbiehali Coal, 128.

Cornstone, 42, 45, 46.

Cornton Burn, 186, 213, 238.

Coronation Coal, 218, 219, 221, 229, 231

,

340, 364.

Correlation with Dunbar section, 176,191.
with Northumberland, 176, 177.

with Yoredale Series, 51, 52.

Corsie Hill, 321.

Corston HiU, 83-85, 322, 323, 326, 367.

Corstorphine Hill, 279.

Lake, 333, 408.

COBSXOEPHINE, Pbof. G. S., 295, 301.

Corstorphine Sill, 279, 280, 291.

Cousland, 353.

Area, 191-194.
Cowden Qeugh, 263.— Quarry, 241, 340, 341.

Cowden Coalfield, 217-225.
CoUiery, 217, 218, 231, 239, 240.

Cowpits Coalfield, 260-265.

Coals, 255, 258-261.
Crag and tail, 328.

Cbaio, E. H. G, 17.

CftAiG, G., 357.

Craigenterrie Silurian inlier, 17, 18.

CraighaU Coals, 255, 258-260, 262, 263.

Craigleith Quarries, 79, 357, 358.

Craiglookhart, 44, 45, 74, 75, 78, 280,
296.

type of basalt, 59-61, 73-75, 316,

318.

Craigmillar, 43, 44.

Sandstone, 5, 43, 75, 358.

Craigton HiU, 283.

Quarry, 360.

Sandstone, 358.

Cramond Island, 280.

Cbampton, C. B., 369.

Craw Coal (Bathgate), 119, 120, 124, 125.

Ceoll, Db. J., 324, 327, 328.

Crossgatehall, Area north of, 194.

railway cutting, 192, 193, 222, 223,

225, 340, 341.
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Crosswood Burn, 85.

Crow Coal (WliitehiU), 265, 269.

Crustal movements, 20, 27, 42.

Cryne Coal, 217, 228.

Cuffabouts bore, 114, 115.

Cunningham, R. J. H., 108, 308.

Currie Farm, 175.

Currie Glen Sandstone, 358.

Dalhottsib Bubn, 270.

Dalkeith, 262, 272.

Park, 272, 273, 336.

Under Goal, 269.

Upper Coal, 269.

water supply of, 363, 364.

Dalmahoy HUl, 85, 277, 291.

Dalmeny, 346.

sandstone, 358.

type of basalt, 66, 72, 145, 147, 150,

154, 316, 317, 319, 320.

Dasses, 71, 72.

Davidson, T., 384.

Davidson's Mains, 76, 279.

D'Arcy, 191, 192.

Limestone, 192.

Dean Burn, 22, 32.

Dean Pit, Carberry, 261.

Deception Coal, 217, 228.

Decomposition of igneous rocks, 29-30.

Diamond Coal (Arniston), 218, 219, 222,

229, 340, 343.

Diamond Coal (Coal Measures), 258, 259,

262, 339.

Diamond Coal (Dolphingston), 230, 231.

Dibunophyllum Zone, 52.

Diver Coal, 230, 231.

Dixon, J. S., 337.

DOBLTEB, C, 296.

Dolomitic limestone, 143.

Dolphingston, 194.

ColUery, 227, 229-231.

Downtonian Strata, 10-17.

Drainage system of Pentland Hills, 8.

Dreghorn Castle, 32.

Dkon, R. W., 195, 198, 199.

Drumcrosshall, 101.

Drv Dam, 58, 59, 60.

DrVden, 204, 206.—- Burn, 236.

March, 203, 205, 206.

Duddingston, 59, 72, 195, 196.

Duddingston Basin, 95, 98, 99.

Dunbar section, correlation with, 176,

191.

DuNNAomB, Mb., 348.

Dunnet Shale, 92, 97, 99, 100, 166-169,
172, 350, 351.

Dunsapie type of basalt, 58, 59, 66-68,

71, 72, 316-318.

Crag intrusion, 63, 70.

Dura Den Zone, 43.

Durhamtown, 137.

Dykeneuk, 142, 143.

limestone. See Arden.
Dykes, " conglomerate," 98.
• east and west Carboniferous, 284,

286.

of Arthur's Seat, 66.

of Lower Old Red Sandstone age, 27.

sand, 45.

Eaeliek group of Rocks intrusive in

Carboniferous strata, 276-282.

Early coal workings, 231, 268.

East and West system of dykes, 286.

relation to quartz-dolerite

sills, 275, 284.

East Calder district, brick clays of, 349,

350.

East Houses, 225.

East Kip, 24, 33.

East Erkton Quarry, 146, 147.

Easter Carribber, 140.

Easter Main Coal, 129, 130, 344, 345, 347.

Easton bore, 137, 138.

Economics, 337-367.
Edge Coal Group, 47, 48, 159, 160, 194-

231, 337-348.

East of Gorebridge and of

Roman Camp ridge, 225-227.
of Carberry and Preston-

grange field, 227-231.

of Gorebridge, Newton-
grange and Cowden field, 217-225.

of Loanhead and Maurice-
wood fields, 200-212.

of Mddrie, Portobello and
Gilmerton fields, 195-200.

of Penicuik field, 212-215.

of Temple field, 216, 217.

Edgefield, 236.

Edgehead, 226.

Edeelaw Reservoir, 363.

Edinburgh, 286, 332.

district, 54^79.

Eight Mile Burn, 171, 174.

Elginhaugh, 266-268.

Ell Coal. See Fifteen-foot.

Emily pit, 217, 219-221, 239, 241.

Erratic blocks, 329-331.
Esk, River, 8, 262, 265.

Eskbank, 331.

Esperston area, 186-190.

Farm, 188.

Limestone, 188, 189.

Essexites, 289, 290, 292, 293.

Etheridoe, R., Jun., 49, 79, 369, 384.

Eurypterid Bed, J2.
Eurypterids, 146.

Evans, W., 411.

Extra Limestone, 233-237, 240-242.

Faxkmilehbad, 24, 25, 35.

Falconee, Db. J. D., 53, 144, 283, 293,

301, 302, 304, 306, 307, 317.

Fells Shale, 93, 101, 166-169, 350.

Felsite, 26, 27, 40, 41.

Ferniehill, 178.

Fiddle Coal, 123, 127.

Fife, 2, 104, 116, 117, 156.

Fifteen-foot Coal, 254-258, 339, 342, 348.

FiUvside, 410.
'

Fireclay, 230, 348-350.
Fish, fossil (Carboniferous), 50, 51, 60,

129, 165, 167, 209, 234, 239, 262-264,
272.

(Downtonian), 16.

(Upper Old Red Sandstone),

43^5.
Five-foot Coal (Cowpits), 259, 260, 339,

342.



Index. 439

Five-foot Coal (E. Lothian and Carberry),

227-229, 231, 340.
Five-foot Coal (Prestongrange), 230, 231.

Fleming, Dk., 146.

Flett, Dk. J. S., 5, 25, 40, 70, 149, 150,

151, 152, 153, 154, 156, 158, 323.

Flex Coal, 196, 19!), 202, 209, 211-215, 339.

Flexures of Oil-Shale field, 82.

FooED, Db. a. H., 369, 384.

FoEBES, Pkof. Edward, 49, 58.

Fordel area, 191-194.

Park, 227.

FOKSYTH, C, 141.

Forth, preglaoial channel of, 324, 325.

Foulshiels area, 118-121.

ColHery, 120, 121, 346, 350.

Four-foof Coal (Carberry), 228, 230, 231,

.340.

(Coal Measures), 255,'"257, 258.

(TSTorthfield), 230, 231.'

Feajskland, Pkof. E., 34, 37.

Fullarton Quarries, 190.

Gaie Limestone. See Aeden.
Gall, Mb., 79.

GaUaston type of basalt, 149-152, 317,

321, 322.

Gallowscrook, 157.

Galls Coal, 226.

Ganister, 349.

Gayfield, 409.

Geikie, Pkoe. J., 329,^335.

Geikie, SiK A., 3, 5, 7, 11, 13, 19, 21, 24,

25, 28-30, 34-36, 41, 48, 49, 58, 61, 68,

69, 71, 73, 80, 84, 107, 108, 110, 111,

144, 146, 147, 275, 277, 281, 283, 288,

289, 291, 297, 298, 300, 301, 302, 306,

307, 309, 311, 316, 318, 319, 320.

Gemmell, J., 169, 212, 268, 337.

Gibson, De. Walcot, 161, 254.

Gillespie Coal, 196, 197, 200, 202, 207,

210, 211, 214, 339.

Gilmerton, 160, 194.

basin, 178.

Coalfield, 195-200.
district, 161-163, 177-180, 232-234,

246-249.

Limestone, 162, 109, 176-180, 185,
186.

syncUne, 160, 164.

Girnal Craig, 71, 72.

Glacial deposits, 324-335.
Gladhouse Reservoir, 362, 363.

Glass Coal (Edge Coals), 200, 206, 210,

213, 214, 339.

(Coal Measures), 260. See
also Grevmecham Coal.

Glenoorse Burn, 165, 183.

district, 163-171.
—— reservoir, 361, 362.

Glenesk Colliery, 269.

Golden Coal, 255, 258.

GoODCHiLD, J. G., 5, 43, 44, 50, 54, 244,

288, 291, 300, 301, 353.

Gorebridge, 331.

Coalfield, 217-225.
. Coalfield east of, 225-227.

district, 239-241.

Gore Water, 224, 241, 245.

district, 190, 191.

Gow, W., 177.

Geaeham, G. W., 135.

Grange Colliery, 129, 131, 345.

Grangepans, 132.

Granton, 76, 77, 351, 411.

anticline, 76, 79.—- sandstone, 49, 75-79, 86, 87, 358.

GraptoUtes, 11, 12, 17-18.

Gray Brae, 10.

Great Seam (Carb. Lim.), 195, 196, 198-

200,202, 208. 211-213, 215-217, 219,

222-224, 228-^231, 339, 340, 343, 348.

Great Seam (Coal Measures), 255, 265-268,

339, 342.

Green Craig, 334.

Green Law, Silurian inlier at, 11-17.

Gbeenock, Lobd, 287.

Grey Shale, 94.

Greymecham Coal, 256, 257, 259.

Gbieve, D., 59.

GUNN, W., 51.

Gutterford Burn, 11, 12, 27.

Habbie's Howe (N. Esk), 184, 185.

Habbie's Howe (near Loganlea), 4, 17,

18, 27.

Hailes Quarry, 76, 79, 329, 334, 335, 351,

358, 359, 406, 407.

Sandstone, 75, 76, 79, 90.

Hall, Sib J., 280, 288, 308.

Hammersley Coal, 227.

Hannahfield, 291, 359.

Hard Splint Coal (Cowden), 218.

Hare Burn, 239, 249, 271.

Hare Hill, 4.

Harelaw Reservoir, 362.

Habkbe, A., 295, 301, 317, 322, 323.

Harvieston, 225, 226.

Harwood Water, 92, 93, 105.

Ha.swell, G. C, 13.

Hatch, De. F. H., 288, 306, 316-321.
Hawkhill, 291, 292.

Heddle, M. F., 295.

Hendekson, J., 4, 11, 13, 15, 17, 49, 74,

76, 78, 79, 163, 329, 334.

Hendrey's Course, 118, 136.

Henshaw Burn, 13, 15.

Hepbltin, De. D., 335, 407.

Heriot's Mount, 71.

Hermand Quarry, 358, 359.

Hebeing, W. R.", 341.

Hibbbbt, De. S., 47, 146, 147, 165, 167.

Highland erratics, 329, 330.

Hilderston, 104, 139.

Colliery, 126, 127.

Farm bore, 125, 127, 137, 138.

Silver mine, 352.

HiLLEBEAND, W. P., 299.

Hillend Volcanic Group, 25, 26, 32, 33.

Hillhead Limestone, 192, 193.

ffiUhouse, 111, 112, 282.

Limestone, 112, 113, 115.

Quarry, 321.

type of basalt, 148, 150, 316, 317,

320.

Hillwood Quarry, 360.

Hiltly, 113, 320.

Hind, Db. Wheelton, 51-53, 220, 254,

258, 262, 264, 369-371.

Hirst Coal, 142.
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HiSLOP, G. R., 342, 343.

History of Investigation, 47-53.

Holoptychius, 43^5.
Holyrood Lake, 333.

Park, 409.

Home, Dr. D. Milne-. See JIilnb-Home,
Dr. D.

Hopes Coal, 203, 205, 214.

Hopetoun anticline, 95, 99, 100.

House, 95, 100.

Horizontal Section on one-inch map,
description of, 8.

Hornblende Andesite, 35.

HOBNB, De. J., 44.

Hosie Limestones, 106, 117, 122.

Hound Point SiB, 314.
Houston Coal, 93, 94, 101, 166, 167, 346,

348.

Marls, 94, 101, 103.

Howden Burn KhyoUtes, 23, 38, 39.

Howe, J. A., 245.

Howell, H. H., 48, 214, 215.
Htjohes, T., 343.

HuNTEK, J., 355.

Hunter's Bog, 56, 57.

Hurlet Coal, 95.

Limestone, 80, 81, 95, 105-107, 110,
111, 116, 117.

HuTCHiNQS, W. M., 314, 316.
Huttonian School, 287.
Huxley, T. H., 384.
Hyvot's Bank, 162.

Illieston, 87, 90.

Inclyjolm, 53, 276, 280, 288, 293, 299-301,
313.

Inchmickerv, 311.

Index Limestone, 119, 121, 123, 125, 134,
136-142, 214, 233-238, 240-242.

Intrusive igneous rocks of Lower Old
Red Sandstone age, 26-28, 40-41.

in Carboniferous strata,

48, 53, 61, 63, 66-72, 82, 100, 275-318.
Inverkeithing, 360.

Ironmill Bay, 156.

Ironstone, 94, 118, 130, 131, 202, 207-210,
218, 220, 230, 337-346.

Blackband, 108, 131, 134, 198, 199,

I
206, 211, 229, 341, 346.

Jameson, Pkoe., 29, 287.

Janet Peat Coal, 142.

Jedburgh type of basalt, 316, 321.

Jenny Meggat Coal, 254, 255, 266.
Jewel Coal of Bathgate area, 120, 123,

125-127, 345-347.
of Carberry, 223, 228, 230, 231,

340.

of Oraighall, 258, 262.
of Dolphingston, 230, 231, 340.
of Gilmerton area, 177.
of Whitehill, 255, 259, 266-268,

271, 339, 342.

Johnston, W., 226.

Johnston-LaVIS, De. H. J., 24.

Johnstone Coal, 211.

Jones, T. R., 369, 384.

Joppa area, 177, 180.

coalfield, 256-260.
quarries, 195, 196.

Joppa Sandstone, 233, 240, 241, 365.

shore section, 161, 245, 254.

Jordanvale Lake, 333, 409.

JuDD, Pbof. J. W., 6, 49, 58, 64, 68, 69,

300, 301.

KAn.BLADBS Coal, 216-221, 224-227,
229-231, 340, 343, 348.

Kaimes HiU, 277, 291, 359, 360.
Kaolin in white trap, 312.

Kaolinisation, 30, 35.

Kettlestown Quarry, 308.

ICiDSTON, De. R., 6, 7, 50, 52, 56, 90, 147,

244, 261, 264, 267, 272, 369, 384.
Kilsyth type of basalt, 317, 321.

KiNQ, J. F., 343, 365.

Kingsoavil, 101, 102.

sandstone, 356.

Kingsfield area, 102, 103.

Kinneil, 356.

Mills, 156.

Limestone, 141, 142.

pits, 130-132, 134, 135, 345.
Kinniny Point, 117.

limestone, 117.

Kipps, 117, 126, 148.

KiEKEY, J. W., 56, 264, 272, 369.

KlEEICALDY, Mj)SSES. D. & SoN, 360.

Kirkhston, 336.

Kittlepnrse Coal, 200, 202, 207, 210, 212.

Knock, The, 127, 148, 284.

Laccolite, Black Hill, 26.

Laceoix, Peof. a., 295.

Lady Morton Coal, 119, 120, 125, 346.
Lady Victoria Pit, 192, 217, 219-221,

239, 240, 252, 271, 338, 340.

Lakes, ancient, 332-334.
Lamellibranch fauna of Roslin Sandstone

Series, 52, 53, 253, 371, 372.

Lamprophyre, 27, 28.

Landalb, D., 49, 126, 268-270.
Lapwoeth, Peof. C, 17, 18.

Later group of rooks intrusive in Carboni-
ferous, 282-285.

Lauime, De. Mai.colm, 11, 12.

Laverock Coal, 196, 199.

Lawson, J., 214.

Lead ore, 352, 353.

Leckstone, 108, 280, 281, 299, 300, 359.

Lbb, Dk. G. W., 264, 273, 369, 406. '

Leith, 76, 336.

anticline, 76, 78.

Lennie Quarry, 360.

Lennoxtown essexite, boulders of, 330.
Leslie & Rbid, Messrs., 213.
Levenhall, 245.

Leven Seat, 136, 137.

fault, 118, 136.

Limestone. See Castlecary.
Liberton, 43.

Limburgite, 317, 322.

Limefield Mains, 91, 92.

Limekilns, 116.

Limestone analyses and economics, 353-
355.

Lingula shale, 199, 206, 220, 221, 230.
Linhouse Water, 83, 84, 86, 87.

Linlithgow, 2, 104, 113, 117, 127, 128,
135, 136, 139, 141, 150, 158, 332.
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Linlithgow Looh, 151.

to Bo'ness, 141-144, 150-156.

water supply of, 366.

lion's Haunch vent, 66-71.

intrusion, 69-70.

type of basalts, 316, 317.

Lion's Head vent, 64-66.

intrusion, 66.

Liihostrotion hmestone, 187, 191.

Little Coal (Loanhead), 203.

Little Coal (Newtongrange), 219.

Little Gillespie Coal, 196, 197.

Little Sphnt Coal (Cowden), 218-220.

Little Splint Coal (Cowpits), 259, 260, 269.

Little Splint Coal (Loanhead), 208, 204.

Little Splint Coal (Niddrie), 196, 197.

Little Splint Coal (Penicuik), 271.

Little SpUnty Coal (Loanhead), 203.

Llandeilo strata, 10.

Loanhead, 160.— area, 180-184, 200-212.— ironstones, 202, 206-210, 341.

Loanstone, 201.

Loch Craig, 58, 69.

Lochcote Reservoir, 149.

Lochend, 76, 280, 291-293, 311.

Logan Burn, 45.

Loganlea Colliery, 120, 346.

Loganlee, 32.—— Reservoir, 362.

Silurian inlicr, 17, 18.

Long Row, 58, 65, 317, 321.

Longoraig Limestones, 80, 161, 176, 177,

188, 191.

Longmuir Plantation, 145, 320.

Lower Coal Measures, 7.

—— Joppa, New Craighall,

Musselburgh and Woolmet fields, 256-
260.— Smeaton, Cowpits and
Pinkie fields, 260-265.

coalfield south of Sheriff-

haU fault, 265-271.
Penicuik and Auchen-

corth outliers, 271, 272.

Lower Ironstone Seam, 130, 344, 345,

347.

Lower Limestone Group, 104, 105-117,
159-161, 176-194.

Joppa, Niddrie and
Gilmerton area, 177-180.

Loanhead, Bilston Burn
and Mauricewood area, 180-184.

Penicuik and Carlops area,

184-186.

Middleton, Esperston,
Temple and Mount Lothian area, 186-
190.

Tyne Water and Gore
Water area, 190, 191.

Roman Camp Fordel and
Cousland area, 191-194.

Lower Old Red Sandstone, 19-28.

Ludlow strata, 10-18.

Lydbkkeb, R., 384.

Lyne Water, 8, 20, 27.

Siluiian inlier, 11-17.

Macadam, I., 343.

Macadam, S., 342, 343, 358.

MacBain, Dr., 60.

Macbie Hill, 174.

MACooNOomE, A., 56, 161, 162, 169-173,

369, 370.

Macfie, R. a., .334.

Mackay, M.. 364.

Maclaeen, Charles, 5, 6, 19, 29,''45, 47,

40, 57, 58. 64, 68, 70, 71, 309, 327, 329.

M'Millan, JVLb., 229.

Macnaie, p., 293.

Maophbeson, J., 295.

M'Vey, D., 370.

Maggie Bands, 118, 124.

Magnesium-diopside, 304.

Main Coal (Bathgate), 110, 345-347.
Mammoth, remains of, 328, 329.

Marfield Quarry, 215, 356.

Marginal phenomena of dolerite sills,

308-311.
Marine horizon in Coal Measures, 263,

264.

Markle type of basalt, 59, 61-63, 73, 74,

316, 318, 319.

Mabshall, Me., 178.

Martin, R., 177, 195, 198, 254, 258, 260,

337, 338, 365.

Masterton Quarry, 221.

Mattpe, H. B., 114, 273.

Mauricewood, 159.

area, 180-184, 200-212.
Colliery, 21X, 212.

House, 201.

Mavis Coal, 217, 222.

Mavisbank, 236.

Mayfield Quarries, 192.

Meadows, The, 333.

Medwyn, River, 8.

Melvflle Coals, 266.

Microgranite, 40.

Midcalder, area south of, 86, 87.

Middle Coal Measures, 7, 272-274.
Middleton, 174, 175.

area, 186-190.
Hall Fault, 81.

Moor, 10.

Quarries, 187, 188.

Midlothian Coalfield, coals of, 337-343.

fireclays of, 348, 349.

MiLLBE, Hugh, 263, 336.

JEUstone Grit, 6, 7, 48. See. also Roslin
Sandstone.

lameUibranch fauna of, 52, 53,

371, 372.

palaeontologioal break in, 50,

244, 245.

Milne- Home, Dr. D., 48, 177, 221, 239,
254, 255, 260.

Mineral water, 365, 366.
Mitchell, R., 342, 343.

Mochrie's Crag, 297-299.
Moffats Coal, 202, 207, 210.

MoNCKTON, H. W., 279, 284, 288, 291,

292, 300, 301, 309, 311.

Monks Burn, 21.

Mous HiU, 97.

Sill, 279, 296, 297, 299, 312.

Moore, R. T., 225, 263.

Moorfoot Hills, 1.

water supply from, 362, 363.

Morrison's Haven, 411.
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Mortonhall, 332.

goU-course, 32, 36, 37.

Moss-Side bore, 121-123.

ColUery, 345, 346.

Mount Hunger Coal, 141.

Mount Lothian area, 186-190.

Mugearite, 59, 02, 83-84.

petrology of, 322-323.
Muirhouae pits, 135.

Mungle Shale, 94.

Murieston Fault, 81, 80, 87, 91, 105.

Water, 84, 85, 86.

Musselburgh, 255.

coalfield, 256-260.
: district, 252.

Naiadites, 220, 221, 229, 230, 262.

Nebraskan fauna of Jlillstone Grit, 52,

53, 253.

Neilson, J., 371.

New CraighaU Coalfield, 256-260.
Colliery, 255-258, 339.

New Mills level, 239, 240.

Newbattle Abbey, 268.

Newbiaging Crags, 278.

Newhali Sill, 311, 312.

Newtongrange Coalfield, 217-225.
district, 249-252.

NicHOLSoir, A., 384.

Nickel ore, 352, 353.

Niddrie, 159, 161, 194.

Coalfield, 19.5-200.

ColUery, 195-199, 337-339.
district, 161-163, 177, 180, 232-235,

245-249.
railway cutting at, 232, 233, 246.

Niddry B\u:n, 157.

Castle, 157.

Nine Mile Burn, 173, 174, 185, 215.

Nine-foot Coal, 254, 255, 257-260, 339.

Non-porphyritic dolerites, petrology of,

289-316.
North Coal, 195, 199, 203, 212, 213, 215,

339. See also Blue Coal.

North Esk, reservoir, 4.

section in, 171-174, 184, 185,

201, 215, 237, 245, 246, 248, 249, 263,

267, 270, 272, 273, 363, 364.

Silurian inlier of, 11-17.

North Greens Coal, 177-179, 182, 183,

185, 186, 214, 339.

Limestone, 176-180, 182, 183,

185, 186.

Sandstone, 183.

North Hainings, 143.— bore, 136, 141, 142.

North Knglass, 132, 133.

North Loch, 333, 409.

North Middleton Burn, 175, 186-188,
325, 326.

North Queensferry, 360.

Northfield ColUery, 230, 231.

Northumberland, correlation with, 176,

177.

No. 4 Limestone. See Lidex.
No. 5 Limestone. • See Arden.
No. 6 Limestone. See Castlecary.

OCHILTRBB, Fault, 81.

Wester, 101,

Ochre bed, 169, 170, 180, 186.

Oil-Shale (economics chapter), 350-352.

Oil-Shale Field, flexures of, 82.

Oil-Shale Group, 6, 8, 49, 50, 53, 159.

of Edinburgh area, 75-79.
of Queensferrv, Broxburn, and

West Calder area, 8.5-103.

of Portobello, Niddrie, and
Gilmerton area, 161-163.

of Penicuik, Garlops, and
Rutherford area, 171-174.

of Borthwlck, Middleton, and
Tyne Water area, 174, 176.

of area between Straiton and
Glencorse Burn, 163-171.

Old Red Sandstone, 5.

Lower, 19-28.

Upper, 42-46, 56.

Old Uphall, 278.

Olive Bank pit, 260, 274, 339, 364.

OUvine basalts, 310-322.
dolerites, 289-292.
as road metals, 360.

Ostracods, Carboniferous, 56.

Overlap, at base of Carboniferous, 171.

of Lower Old Red Sandstone, 20.

Paper Shale, 166, 167.

Parrot Coal (Gilmerton), 200.

Parrot Rough Coal (Carberry), 228, 231,
340.

Parrot Rough Coal (Coal Measures), 254,

255, 266-268, 341.

Parrot Seam (Arniston), 195, 199, 215-
220, 224-227, 231, 340, 343.

Parson's Green, 321.

Paul, Messes. Ga-^in, & Co., 110.

Paving material, 359-361.
Pate's HiU, 106.

Peach, A. M., 330.

Peach, Db. B. N., 44, 172, 369.

Peacock Coal, 202, 206, 210, 212, 339.

Peacocktail Coal, 197, 199, 200.

PectoUte, 295.

Pelikan, a., 296.

Penicuik, 10, 160, 271, 331.

coalfield, 212-216.

CoUiery, 339.

district, 171-174, 184^186, 237-239,
249.

outlier of Coal Measures at, 271,

272.

Periston Ironstone, 230.

Pentland, 166-168, 178.

Pentland Fault, 2, 7-9, 43, 159, 160, 164,

185, 186, 365.

Pentland Hills, 1, 2, 4, 7, 324.

drainage system of, 8.

Silurian rocks of, 4, 5, 10-18.
.

• "Volcanic Series, 19, 22-28.

water-supply from, 361, 362.

Perpetual Coal, 200, 202, 207.

Petershill Limestone, 81, 109-111, 352,

355.

Quarries, 109, 326, 366.

Petrography of Carboniferous Rooks of

Edinburgh and Linlithgow districts,

287-323.
of Pentland Volcanic Rocks, 29-41.

Pmr.T.Tpa, Prop. J., 51.



Index. 443

Philipstoun, 187.

Physical conditions of Lower Old Red
Sandstone age, 27.

Pliysical features of the district, 1-3.

Picrite, 279-281, 288.

petrology of, 289, 290, 300, 301.

of Blackburn, 108, 288, 299, 300, 359.

Pinlde, 260, 261.

Coalfield, 260-265.
PiBSSON, L. v., 296.

Plants, Carboniferous, 48, 50, 56, 147,

244-246, 249-251, 261, 264, 265.

Plantremains, post-glacial, 329, 333, 334.

Plutonic intrusion, 27, 28.

PoLLABD, Dk. W., 34, 37, 39, 153, 293,

299, 300, 323, 340, 349.

Polton ColKery, 265, 266, 268, 339.

Porphyritic olivine dolerites, 316-322.
Port Edgar, 95, 97.

Portland Cement, 353, 354.

Portobello, 336, 349, 410.

Coalfield, 195-200.

clay-pits, 335.

district, 161-163, 232-235, 245-249.

Possil Group, correlation with, 122.

Post-Tertiary fossils, list of, 406-412.
Mammalia, 328, 329, 335, 411, 412.

Preglacial channels, 324, 325, 344.

Preston House, 150.

Prcstongrange Coalfield, 227-231..

Colliery, 230, 231, 286, 340.

district, 242, 243, 280.

House, 411.

Prestonpans, 242.

Pumpherston anticline, 82.

Oil-Shale GrouB, 87, 164, 165, 350.

Shale field, 88-91.

section of, 89, 90.

QcTAEBEi^ Burn, 27.

Quarry Coal, 259, 260.

Quartz dolerites, chemical comp. of, 307,

308.

petrology of, 301-308.

as road metal, 360.

segregation veins in, 307.

sills of, 282-285.

sill of, displaced by E.-W. fault,

285.

Queen's Drive section, 66-69.

Queensferry, North, 360.

South, 367.

Radicai Road, 277.

Radley, E, G., 293, 299, 312.

Raebum Shale, 95.

Raised beaches, 335, 336.

fauna of, 410, 411.

Ratho Sill, 283, 288, 295, 306, 360.

Ravelrig Quarry, 359, 360.

Ravelston Quarries, 358.

Ravenoraig, 285.

Real Corby Coal, 196, 197.

Recent deposits, 324-326, 335, 336.

Red Coal, 131, 132, 135, 344, 345, 347.

Redhall Quarry, 329, 333, 406-410.
Redside, 216.

Rkid, Clement, 329, 333, 400-^10.
Reid, R. C, 363.

Rhind, W., 308.

Rhipidomella shale, 161, 162, 169-171.

Rhombic pyroxene, 304 -306.

Rhyolites, 23, 24, 38-40.

Riooarton, 102, 149.

Hills, 145, 146, 158.

RiCIIAKDSON, R., 326.

Riddoohhill Colliery, 345.

River Almond section, Clifton Hall to

Almondell, 87.

Road Metal, 34, 359-361.
RoBB, J., 360.

Rock analyses, 34, 37, 39, 293, 299, 300,

308, 312, 323,
Rook groups of the district, 3-4.

RoHKBAOH, C. E. M., 295, 297.

Roman Camp, 2, 160, 191, 194, 216, 217,

224, 231.

Area, 191-194.

ridge, 1, 2.

Coalfield east of, 225-227.
Roman Cement Limestone, 246.

Rosebery reservoir, 189, 363.

RosENBTJSCH, H., 295, 299, 315, 317.

Ro.slin Colliery, 210, 239.

district, 246-249.
RosUn Sandstone, 6, 7, 48, 50, 159-161.

as water bearer, 364, 365.

palaeontology of. See Millstone

Grit.

Series, of Midlothian basin,
244-253.

of Portobello and Niddrie
Area, 245, 246.

of Gilmerton and Roslin
area, 246-249.

of Penicuik area, 249.

of Carrington, Newton-
grange, and Smeaton area, 249-252.

of Musselburgh area, 252,
253.

Rosvth, 104, 116.
^ Castle, 314.

Rough Coal (Craighall), 259, 262.

Rough Coal (Duddingston), 196.

Rough Coal (Edgehead), 226.

Rough Coal (Gilmerton), 200, 202, 206,
212.

Rough Coal (above Stony Coal), 202, 205.

Rough Coal (Whitehill), 266-271.
Rough Parrot Coal (Loanhead), 177, 182.

Rumbles Parrot Coal, 199, 202, 208-210,
212-215.

Rumbold, Rumbolds Coal. See Rumbles
Parrot Coal.

Rutherford area, 171, 174.

St. Anthony's Chapel, 60, 318.

St. Bernard's Well, 365, 366.

St. Catherine's Well, 169, 365.

St. Leonard's Craig, 71, 72, 318.

Salisbury Craigs, 5, 44, 56, 71, 72, 276,

296, 309, 310, 313, 314.

Salter, J. W., 48, 49, 165.

Salters Coal, 255, 257, 259, 260, 342.

Samson's Ribs, 67, 276, 318.

Sand dykes, 45.

Scald Law, 40.

Scotsman, The, Office, section at, 50.

Scott, T., 333, 407-410.

Sedgwick, Adam, 275.
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Segregation veins, in tesohenites and
piorites, 298, 299.

in quartz-dolerites, 307.

Selms, 46, 282.

Seven-foot Coal, 133, 136, 254, 255, 257.

Shale analyses, 341, 351.

(Oil-Shale). See Oil-Shale.

Shaly Coal, 123, 125.

Shaw's Quarry, 221, 222.

Shear Burn, 85, 86.

Shearie Knowe, 32, 33, 41.

Sherbobn, G. D., 411.

SherifEhall, 331.

Fault, 161, 164, 202, 263.— Fault, Coalfield south of, 265, 271.

Shore section, between Whitehouse Point
and Midhope Burn, 95-100.

SiBEALD, Sir B.., 352.

Side Limeworlis, 189.

Siller Willie Coal, 218, 229.

Silurian Rocks of the district, 4-5, 10-18.

Silver ore, 352, 353.

SUvermine Quarries, 111.

Simpson, J., 334, 335, 407.

Six-foot Coal, 130, 254, 260.

Skateraw Limestone, 176, 188, 191.

SkoKe Burn, 119.

Limestones, 106, 110, 111.

Smeaton, coalfield, 260-265.
Colliery, 263.

district, 239-241, 249-252.
Farm, 261.

Station, 252, 261.

Smith, J. D., 343.

Smithy Coal, 129, 345, 347.

Smithy Coal (Cowden), 218, 219.

Smithy Coal (Prestongrange), 230, 231.

Society, 99, 100, 157.

'

SoBBT, De. H. Clifton, 288.

South Black HiU, 25, 40.

South Coal, 203, 204, 212, 213, 215, 339.

South Esk, 189, 216; 241, 244, 245, 249-
251, 263-265, 268, 270, 272.

South Middleton Burn, 175, 325, 326.

South Parrot Coal, 231, 233-236, 239,

241, 339, 342.

South Queensferry, 97.

water supply of, 367.

Spirorbis Umestone, 172.

SpUntCoal{Bo'nesB), 128, 134.

Splint Coal (Brunston), 214.

Splint Coal (Craighall), 259, 260, 262, 339,
342.

Splint Coal (Edgehead), 226.

Splint Coal (Whitehill), 255, 266-268, 270,

339, 342.

Staffordshire blue bricks, 348, 349.

Stairhead Coal, 195, 196, 198-200, 202,

208, 210, 211, 214, 215, 339, 343.

Staneielb, Pkof. R., 348.

Stechbr, De. E., 277, 288, 297, 301, 309-
313.

Stbnhouse, a, G., 53, 276, 280, 293, 299,

300, 313, 314.

Stbuabt, D. K., 278, 352.

Stinkie Coal, 196, 197, 200, 202, 206.

Stirling, J. T., 268.

Stock, T., 384.

Stony Coal, 196, 197, 200, 202, 205, 210,

213, 214.

Straiten anticline, 160, 164.

district, 163-171.

Striated rock-surfaces, 326-328.

Sulphate of Ammonia, 351, 352.

Swanston, 26, 27, 32, 34, 41.

Swordie Mains, 155.

iSyringothyris Zone, 52.

Tachyiyte borders of dolerite intru-

sions, 276, 277, 309.

Tait, D., 16, 43, 44, 45, 52, 116, 129, 147,

161, 229, 239, 244, 245, 246, 253, 254, 258,

261, 264, 265, 267, 272, 273, 369, 413.

Talla Water scheme, 363.

tunnel section, 213.

Tar HiU, 157
Tartraven Limestone, 109, 111, 146.

Tatlook & Thompson, Messrs., 342, 345.

Tball, Dr. J. J. H., 7, 288, 291, 300, 301,

307, 316, 317, 318.

Temple, 331.

coalfield, 216, 217.

district, 186-190.

Teschenites, 276, 280, 281.

petrology of, 289, 290, 293-299.

Thomas, H. H., 349.

Thomson, J. Allen, 316.

Three-foot Coal (Cowpits), 254, 260.

Three-foot Coal (Northfield), 230, 231.

Threipmuir reservoir, 362.

Tordufi: Hill, 22, 35, 37.— reservoir, 31, 45, 362.

Torphichen, 284.

Torphin Quarry, 360.

Torweaving HiU, 83, 84.

Trachytes, 24, 25, 35, 36.

Traquaie, Dr. R. H., 5, 6, 43, 44, 45, 50,

51, 56, 59, 60, 90, 129, 165, 167, 170,

180, 199, 206, 209, 234, 239, 244, 261,

262, 263, 264, 272, 369, 384.

Trees, fossU, 222.

Tuff, volcanic, 24, 58-60, 62, 74, 75, 77,

84-87, 95, 108, 115, 146.

Over the Two-foot Coal, 101, 145, 149.

Turner, Seb W., 411.

TwEEDiE T. A., 199.

Twenty-inch Coal, 166, 167.

Two-foot Cherry Coal, 228, 231.

Two-foot Coal (Bathgate), 123, 127.

Two-foot Coal (West Calder), 91, 94, 101.

Tyne Water, 174, 175, 325, 326.

district, 190, 191.

limestones of, 176, 191-193.

Tyrrell, G. W., 302.

Unconformities, 8.

Undersea Coal, 49, 130 ,131, 134, 135, 337,

338, 342.

Union Coal, 211.

UphaU Coals, 346.

Upper Bonnvtonn, 129, 151, 152, 154.

Upper Hirst"Coal, 142.

Upper Ironstone Seam, 134.

Upper Limestone Group, 104, 159, 160,

231, 232.

(Woodmuir and Foul-

sliiels), 136, 137.

(Bathgate), 137-139.
— (Cocklerue to LinUth-

gow), 139-141.
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Upper Limestone Group (Linlithgow to
Bo'ness), 141-144.

(Portobello, Niddrie, and
Gilmerton), 232-235.

(Loanhead, Bilston Burn,
and Mauricewood), 235-237.

(Penicuik), 237-239.

(Arniston Mains, Gore-
bridge and Smeaton), 239-241.

(Carberry and Preston-

grange), 242, 243.

Upper Old Red Sandstone, 42-46, 56.

as water-bearer, 303.

conditions of deposition
of, 46.

Vaitshan, Br. Arthur, 52, 370.

Vents, volcanic (Carboniferous), 57.

of Arthur's Seat, 63-71.

west of Edinburgh and the
Pentland Hills, 156-158.

(Lower O.R.S.), 26-28.

Venture Fair, 190, 215.

Vexhim, Coal, 177-179, 183, 185, 186,

188
Limestones, 176, 177, 179, 183, 186.

Vivian's Bore, 137, 138, 345.

Vogrie Bum, 191, 227.

Fault, 161, 216, 217, 224-226, 245,

249, 271.

Volcanic agglomerate, 61-71, 99.

necks. See Vents, volcanic.

rocks (Carboniferous) petrology of,

316-323.
of Arthur's Seat, 50, 57-71.

of Bathgate HiUs, 53, 109,

144-156, 319, 321.

of Bo'ness, 53, 101, 102, 144^
156, 31^9, 321.

of Calton HiU, 73, 74.

of Corston HiU, 83, 84.

of Craiglockhart, 74, 75.

of Linlithgow, 144-156, 319,

321.

(Lower O.B.S.) of the Pentlands,
22-28.

petrography of, 29-41.

tuff, 24, 58-60, 62, 74, 75, 84, 85,

95, 99, 101, 108, 115, 146, 156-158.
(over Two-foot Coal), 101, 145,

149.

Wahl, Dr. W., 304.

Wairdlaw Limestone, 111.

Walker's Bore, 137, 138.

Wallyford CoUiery, 229, 231, 242, 286,
340.

Walston Burn, 332.

Walton, 152.

Wandering Coal, 132.

Wardie, 76.

Shale, 49, 75-79, 86, 87, 351, 352.

syncUne, 76, 78.

Warklaw Hill, 19, 22, 23, 31, 42.

Water of Leith, 76, 78, 86.

Water-supply, 361-367.

analyses, 365-367.

Watts, Pboit. W. W., 288, 302, 306, 316,

317, 320, 321.

Waverley Coal, 211.

Wee Coal, 230, 231.

VPenlock strata, 10-18.

Wernerian School, 287, 308.

West Binny, 157.

West Broadlaw, 157.

West Calder, Burn, 93, 94.

Coals, 346, 347.

Shale-Held, 91-95.

section of, 91.
'

West Houses, 221.

West Kip, 33.

West Kirkton, Limestone, 108, 110, 111,

366.

Quany, 320.

West Shore Wood, 157.

Wester Main Coal, 132, 133.

Wester MelviUe, 202.

Wester Ochiltree, 101, 275, 297.

Westpans Rocks, 252.

Whin Sill, similar to some Scottish doler-

ites 276
Whdnny Hill, 59-62, 318, 319, 321.

White traps, 311-313.

Whitebaulks, 112.

Whitefield, 174
Whitehin ColUerv, 265, 266, 268, 339.

Whitehouse Point, 95, 97, 294, 296, 297,
299.

Whitelaw, 146.

Wilson, D., 366.

WmsoN, J. S. Grant, 29, 50, 318.

WUsontown Gas Coal, 118, 119, 121, 122,

124.

Main Coal, 118-121, 346.

Winchburgh district, clays of, 349, 350.

Winchburgh Sill, 278, 279.
Wollastonite, 315.

Wood Coal (CouBland), 227.
Wood Coal (Dykeneuli;), 142, 344.
Wood Coal (in Up. Limestone Gp.), 232,

233, 236, 238, 239.

Woodkouselee rhyoUte, 39, 40.

volcanic group, 24, 25, 35, 36.

Woodmuir area, 118-121, 136, 137.

Colhery, 118, 119, 346.
Woodmuir Smithy Coal, 119, 120, 125,

346.

Woodward, Dr. A. Smith, 411.

Woodward, Dk. H., 384.
Woolmet, Coalfield, 256-260, 339.

pit shaft, 258, 259.

YoBEDALE Series, correlation with, 51,
52.

YoHNQ, Pboe. R. B., 294, 295.

Zaphrentis Zone, 52.

ZiBKEL, F., 287, 288.











EXPLANATION OF PLATE IX.

Figs. 1 and 2. Silicified rhyoUte or trachyte, Camp Hill Quarry, 3

miles west of Penicuik, Pentland Hills. (Fig. 1 is taken

by ordinary light, slide No. 9106, and Fig. 2 with crossed

nicols ; the field is the same, magnified 15 diameters in

both cases.) In ordinary light (Fig. 1) the rock resembles

a trachyte or rhyolite with steam cavities and two
generations of felspar crystals, but in polarised light

(Fig. 2) it breaks up into a mosaic of irregular inter-

locking grains of quartz. This is an example of

silicification with very complete preservation of the

original rock-structures. -

Fig. 3. Quartz diabase, quarry on north side of West Bangour, 3|
miles north-east of Bathgate, Linlithgowshire (slide No.

12,130, between crossed nicols, magnified 50 diameters).

The large polysynthetic plagioclase felspars are highly

zonal and are embedded in abundant micropegmatite.

Fig. 4. Quartz hypersthene diabase, North Queensferry, north end of

cutting above the tunnel (ordinary light, slide No. 12,184,

magnified 14 diameters). To the left and near the centre

are crystals of hypersthene weathering to green bastite, etc.

There are also black, very irregular crystals of titaniferous

iron oxide. The pale green augite shows the pyroxene
cleavage ; above and to the right is a twinned crystal.

The plagioclase felspars sometimes penetrate the augite

;

in other places the augite is idiomorphic. The micro-

crystalline mesostasis is filled with secondary products

and is hardly distinguishable from the weathered felspars.

The structure is partly ophitic, partly intersertal.

Fig. 5. Quartz diabase, North Queensferry, south of deep quarry and

at higher level than the houses (slide No. 12,187,

magnified 18 diameters, ordinary light). This rock is

comparatively coarse grained, the ingredients are

titaniferous iron oxides, augite and plagioclase felspar.

The augite is pale brown and often in its interior is

striated parallel to the basal plane ; a large crystal with

this structure lies near the centre of the field ; it has an

outer zone free from striation. Of the other crystals of

pyroxene some are striated but others are not.

Fig. 6. Quartz diabase, fine grained (diabase aphanite), Bog Cottage,

one mile south of Linlithgow (sUde No. 12,078, magnified

15 diameters, ordinary light). A rounded steam cavity

is filled with infiltrated magma, which has crystallized

as long needles of a ferromagnesian mineral (decomposed)
and feathery felspars. Around the cavity the felspars of

the rock are taugentially arranged.
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EXPLANATION OF PLATE X.

.

Fig. 1. Edge of diabase sill at Hound Point, Dalmeny, in contact

with altered shale (slide No. 1215, magnified 30 diameters,

ordinary light). The diabase (on the left) is very fine

grained with granular cryptocrystalline matrix containing
phenoerysts of plagioclase, augite an^ decomposed oUvine.

The shale (on the right) shows pseudomorphs which ap-

parently represent pseudo-hexagonal prisms of cordierite.

Fig. 2. Quarry near Ochiltree Mill, Linlithgow (slide No. 11,931,

magnified 22 diameters, ordinary light). Chilled edge of
a diabase sill, porphyritic, with decomposed groundmass
of spherulitie tachylyte.

Fig. 3. Spotted calc-silicate hornfels, near margin of dolerite-picrite

intrusion, Barnton railway cutting, near Edinburgh
(slide No. 6046, magnified 17 diameters, ordinary light).

The photograph shows large stellate bundles of pale

green vesuvianite prisms in a spherulitie matrix of

wollastonite and garnet. The garnet is seen at the top

of the figure on the left side.
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EXPLANATION OF PLATE XL

Fig. 1. Teschenite, quarry on Queensferry Road one mile east-eouth-

east of south end of Forth Bridge (slide No. 12,1'70,

magnified 18 diameters, ordinary light). The rock contains

large crystals of augite enclosing portions of elongated

plagioclase felspars. The dark patches represent titani-

ferous magnetite and dark green pseudomorphs after

olivine. In the centre there is a patch of clear analcite

in which lies a prism of apatite. The felspars are

weathered and partly replaced by analcite and zeolites.

Fig. 2. Ficrite, south side of railway cutting, Barnton, near Edinburgh
(slide No. 6041, magnified 26 diameters, ordinary light).

The field is occupied mostly by a large crystal of augite

which is poikilitic with enclosures of olivine. At the

edges of the photograph the olivine is serpentinised.

Fig. 3. Olivine basalt (Craiglockhart type), Craiglockhart, near
Edinburgh (slide No. 13,571, magnified 10 diameters,

ordinary light). Large phenocrysts of decomposed
olivine and of augite lie in a finer-grained groundmass of

plagioclase, augite and iron oxides.

Fig. 4. Olivine basalt (Jedburgh type). Whinny Hill, Arthur's Seat,

100 yards south-east of St. Margaret's Loch (slide

No. 11,989, magnified 25 diameters, ordinary light).

The micro-ophitic groundmass of a basalt of Jedburgh
type. The dark areas are partly magnetite and partly

serpentinised olivine.

Fig. 5. Mugearite, quarry on the road-side, 1| miles south-south-east

of Kirknewton (slide No. 4916, magnified 30 diameters,

ordinary light). The fine-grained fluidal rock consists

mainly of small lath-shaped crystals of oligoclase with
dark green pseudomorphs after olivine, and small grains

of magnetite.

Fig. 6. Vein of fine porphyritic basalt, with devitrified groundmass,
penetrating the sandstones of Salisbury Crags, Arthur's
Seat, at the margin of the teschenite sill (slide No. 1280,
magnified 15 diameters, ordinary light). The white
porphyritic crystals are plagioclase felspar ; the basalt
matrix is dark and fine grained.
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EXPLANATION OF PLATE XII.

Fig. 1. Olivine basalt, Lion's Haunch, Arthur's Seat (slide No. 13,572,

magnified 10 diameters, ordinary light). Large pheno-

crysts of plagioclase, augite and olivine; groundmass
finely crystalline—Lion's Haunch type.

Fig. 2. Olivine basalt, Dunsapie, Arthur's Seat (slide No. 12,013,

magnified 15 diameters, ordinary light). Porphyritic

plagioclase, augite and olivine
;
groundmass coarser than

in preceding rock, and contains analcite and biotite

—

Dunsapie type.

Fig. 3. Olivine basalt, 300 yards south-south-east of St. Anthony's
Chapel, Arthur's Seat (slide No. 11,987, magnified 15
diameters, ordinary light). Porphyritic olivine and
augite, but not plagioclase—Craiglockhart type. (See

also Plate XL, fig. 3.)

Fig. 4. Oliviim basalt, railway-cutting at back of engine shed,.

St. Margaret's Works, near Edinburgh (slide No. 11,994,

magnified 10 diameters, ordinary hght). Porphyritic

plagioclase and olivine, but not augite. The olivine is

represented only by pseudomorphs of hematite and
Hmonite—Markle type.

Fig. 5. Olivine basalt, small quarry at the powder magazine,

Wester Dalmeny Oil Works (slide No. 12,171, magnified

15 diameters, ordinary light). Many small phenocrysts

of olivine but few of augite or felspar, groundmass rather

rich in felspar—^Dalmeny type.

Fig. 6. Olivine basalt, Hillhouse quarry, 2 miles south of Linlithgow

(slide No. 1670, magnified 10 diameters, ordinary light).

With many olivine phenocrysts and few of augite, like

the precedmg rock
;
groundmass more rich in augite and

with fewer felspars—Hillhouse type.
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